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FOREWORD 






=" graphically the external genitalia of individuals of all of 
the principal groups of the Simiae, but limitations of time on the part 
of the artist precluded such an ambitious program. Rather than to 
fill in the gaps left in the series by calling upon other artists to 
complete the illustrations, it has been decided to publish Professor 
Brodel’s drawings without any additions. 

Despite the limitations in scope above referred to, the drawings 
as they stand contribute very material knowledge to the subject of 
the comparative anatomy of the external genitalia of the Simiae which 
it is the purpose of the present paper to outline and to discuss. 

It should be added that the reproductions are actual size. The 
material from which the drawings of the platyrrhine monkeys were 
made consisted of well-preserved, embalmed bodies of selected animals 
killed in the wild state. This circumstance is important, for the 
genitalia of monkeys which have been kept in zoological gardens are 
frequently abnormal in the sense that the animals’ reproductive life 
is often markedly impaired by lack of normal environment and dis- 
ease, with corresponding suppression of development of the genital 
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tract. This affirmation can be supported by citing the high frequency 
of undescended testes and failure of scrotal development observed in 
captive males. On the other hand, the fact that dead, embalmed 
animals were used as subjects instead of living ones has resulted in 
portraying in some instances in our figures genitalia in which some 
distortion either by swelling or shrinkage of the tissues has taken 
place. Nevertheless we consider these shortcomings less detrimental 
to the study than the failure to secure sexually normal and active 
animals would have been. 

In regard to macaques and chimpanzees, where breeding in cap- 
tivity has now become a matter of routine, the genitalia were drawn 
from dead specimens whose previous health could be regarded as 
having been essentially normal. The illustrations of the gibbon’s geni- 
talia are from animals killed in the wild state. 

The embalmed monkeys and apes used for the study were selected 
for the most part from the large collection of Primates assembled by 
Dr. A. H. Schultz who very generously placed the material at our 
disposal. The data on gibbons were obtained for the most part from 
the large collection of embalmed specimens in the U. S. National 
Museum which Mr. Gerrit S. Miller, Jr. kindly invited us to examine. 
The observations on orang utans and gorillas are derived from the 
collections at the Johns Hopkins Medical School, the U. S. National 
Museum, and the American Museum of Natural History. The latter 
were available for examination through the interest of Mr. Harry C. 
Raven. 

Our descriptive observations are presented in four sections dealing 
with platyrrhine monkeys, catarrhine monkeys, gibbons and anthropoid 
apes. Due to limitation of material or time, no attempt has been made 
to describe systematically or to portray by drawings all known genera. 
Moreover, attention has been focussed in the main upon certain aspects 
of the external genitalia, particularly in the male the character of the 
scrotum and the question of the descent of the testes. Furthermore, 
the homologies of the scrotum and labia majora have been considered 
at some length with a view to achieving, if possible, a more accurate 
conception of the nature of the labia majora. Finally, we are recording 
the presence of hitherto unrecognized, extensive, specialized, sexual 
glands on the external genitalia of certain platyrrhine monkeys. 

Other aspects of the anatomy of the external genitalia, for example, 
the detailed comparison of penis and clitoris, have not been considered 
in the present work excepting very incidentally. These structures 
have been the main objective of a number of previous investigators, 
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so that data regarding them are rather fully available (Gerhardt, 1909; 
De Beaux, 1917; Pocock, 1920, 1925a, b, 1927; Mijsberg, 1923; Pohl, 
1928). Nevertheless a few points, as for example, the description 
of cornified denticles upon the penis of the spider monkeys, appear 


to be entirely new. 


TABLE 1 
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Genus, Sex and Stage, and Sitting Height 
of Specimens Shown in Drawings 



















PLATYRRHINE eauus SEX AND SITTING 
MONKEYS : STAGE HEIGHT 
Marmosets Fig. 1. Oedipomidas adult female 
geoffroyi 
Night monkeys Fig. 2. Aotus zonalis adult male 279 mm. 
J. H. 238 
Fig. 3. Aotus zonalis adult female 278 mm. 
J. H. 242 
Squirrel monkeys Fig. 4. Saimiri drstedu adult male 290 mm. 
J. H. 224 
Fig. 5. Saimiri drstedii adult female 249 mm. 
J. H. 223 
Capuchin monkeys Fig. 6. Cebus capucinus adult male 383 mm. 
J.H. 44 
Fig. 7. Cebus capucinus adult female 299 mm. 
J. H. 108 
Howling monkeys Fig. 8. Alouatta palliata juvenile male 253 mm. 
J.H. 18 
Fig. 9. Alouatta palliata adult male 
Fig. 10. Alouatta palliata newbornfemale 189 mm. 
J.H. 55 
Fig. 11. Alouatta palliata adult female 
Spider monkeys Fig. 12. Ateles geoffroyi male fetus 187 mm. 
J. H. 294 
Fig. 13. Ateles geoffroyi female fetus 188 mm. 
Fig. 14. Ateles geoffroyi adult male 


J. H. 221 
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TABLE 1 (Continued) 


Genus, Sex and Stage, and Sitting Height 
of Specimens Shown in Drawings 


CATARREINE 
MONKEYS: 


Rhesus monkeys 


HYLOBATIDAE : 
Gibbons 


ANTHROPOID APES: 


Chimpanzees 


Orang utan 


Gorilla 





SEX AND SITTING 
STAGE HEIGHT 





. Macaca mulatta 


J. H. 383 


. Macaca mulatia 


J. H. 171 


. Macaca mulatta 


J. H. 147 


. Macaca mulatta 


J. H. 269 


. Hylobates pileatus 


J. H. 132A 


. Hylobates cinereus 


J. H. 182 


. Hylobates cinereus 


J. H. 189 


. Hylobates agilis 


J. H. P36 


. Pan spec.? 


J. H. 289 


. Pan spec.? 


J. H. 302 


. Pan spec.? 


J. H. 288 


. Pan spec.? 


J. H. 284 


. Pongo pygmaeus 


J. H. 373 


. Gorilla gorilla 


J. H. 300 


male fetus 


male fetus 
at term 


infant male 


newborn female 193 mm. 


male fetus 


juvenile male 


adult male 


young adult 
female 


juvenile male 


female fetus 


juvenile female 


juvenile female 


female fetus 


female infant 
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The sex, age, and sitting height of the specimens of which draw- 
ings were made are set forth in Table 1. The sitting heights of all 
specimens referred to in the paper were obtained by Dr. A. H. Schultz 
who gave us permission to use his measurements. In so far as it is 
deemed useful to give the sources of individual specimens they will 
be referred to by number and the initials of the respective collection. 
Thus: J. H., Johns Hopkins University, Department of Anatomy; 
N. M., U. S. National Museum; and A. M., American Museum of 
Natural History. 


PLATYRRHINE MONKEYS 


Oedipomidas geoffroyi (Marmosets) 


Male. In the adult male there is a well-defined, deeply pigmented 
(slate colored), puckered scrotum covered with a few minute yellowish 
hairs. The scrotum contains descended testes. From the anterior 
part of the scrotum a short penis protrudes, with the glans just visible 
within the prepuce. There are no macroscopically visible glands on 
the scrotum and the two halves are separated by a furrow. Anteriorly 
the scrotal area extends forward as two low, pigmented ridges, sepa- 
rated by a furrow in the midline, over the symphysis onto the lower 
abdomen. These pubic ridges are visibly glandular (Fig. 30). The 
perineum is short and possesses a slight raphe extending to the anus. 
Perineum and circumanal skin are moderately pigmented. The pig- 
mented genitalia are contrasted against the whitish, relatively unpig- 
mented, surrounding skin which is covered by sparse yellowish hairs. 

In three juvenile males, the scrotal areas are sharply defined, al- 
though the testes are undescended, and the glandular pigmented ridges 
extending forward from the scrotal region are scarcely in evidence— 
an observation which suggests that the glandular complexes develop 
at the time of puberty. The scrotal anlage is distinctly visible in several 
older fetuses which we have examined. 

Female (Fig. 1). The rima pudendi is surrounded by delicate labia 
minora and a minute clitoris. Outside the labia minora is a large, 
deeply pigmented area analogous in extent to the scrotum—the labia 
majora. These folds which flank the external genital outlet extend 
forward as two conspicuous cushions over the pubis separated by a 
median furrow. The development of these latter areas is more con- 
spicuous than in the male. The skin of the surrounding abdomen and 
thighs is unpigmented and covered by fairly sparse, long, wavy hairs 
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whitish to light brown in color. The labia majora are covered with 
sparse, extremely minute brownish hairs. Posteriorly a short raphe 
of unpigmented skin extends from the vulva to the anus which is sur- 
rounded by slightly pigmented epidermis. 

These deeply pigmented labial folds and their forward extensions 
—analogous to the scrotal area in the male—are studded with minute 
glandular apertures which are barely visible as white dots. Micro- 
scopic study of the region has revealed (Wislocki, 1930) that the 
entire, deeply pigmented area of Oedipomidas, besides the perineum 


and circumanal region, is composed of glandular tissue, consisting — 


of extensively developed sebaceous glands, situated superficially above 
a deeper layer of similarly large, tubular glands—the whole representing 
a specialized form of scent-gland (Fig. 29). This glandular apparatus 
of the female is much more developed than in the male. In the latter 
it is particularly the pubic portion of the pigmented area which is gland- 
ular although by no means so well developed as in the female. Com- 
posite scent glands, similar in nature but less extensive than those of 
Oedipomidas, have been observed in other species of marmosets (Cal- 
lithriz penicillata, Callithrix jacchus, Wislocki, 1930). A _ similar 
pedunculated, circumgenital glandular area, less extensive than in 
Oedipomidas, has been described recently in Hapale albicollis (Russell 
and Zuckerman, 1935). 


Aotus zonalis (Night Monkeys) 


Male (Fig. 2). The scrotal area is well-defined in the adult and 
contains descended testes. The short penis surrounded by the prepuce 
protrudes from about the center of the scrotal skin. The scrotum is un- 
pigmented, slightly wrinkled and covered by a few, sparse, yellowish 
hairs. There are no visible glands. There is no median perineal raphe; 
the perineum is exceedingly short and relatively hairless. 

Female (Fig. 3). The rima pudendi is flanked by well-defined 
labia minora. The clitoris is minute and protrudes and is enfolded 
by a well-pronounced preputium. The labia majora are large, occupying 
an area almost analogous in extent and general appearance to the 
scrotal area of the male. They are covered by sparse, wavy, yellowish 
hairs and glands are not visible to the naked eye within their confines. 
As in the male, the perineum is exceedingly short, relatively hairless, 
and is elevated with a shallow median furrow. 
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Saimiri Orstedit (Squirrel monkeys) 


Male (Fig. 4). The scrotum is well developed, scarcely pendulous 
but nevertheless pedunculated and contains descended testes. The testes 
are freely movable from the scrotum into the inguinal canal and the 
tunica vaginalis communicates with the body cavity through an open 
inguinal ring. The short, slender penis, surrounded by a well-developed 
prepuce, protrudes from the anterior half of the scrotum. The tip of 
the penis is expanded into a small thick button with minute elevations 
upon its surface. The penis contains a small baculum. The scrotum 
is greyish, peppered with very obvious minute white elevations and 
covered by relatively sparse yellow or white hairs. Microscopic sections 
through the scrotal skin demonstrate it to be distinctly glandular. The 
perineum is rather long, possesses a slight raphe and is relatively hair- 
less. The anus does not protrude. 

Female (Fig. 5). A considerably smaller adult female shows a 
vulva bounded by well-defined labia minora and a short, blunt clitoris 
enclosed in a prepuce. The labia majora are well developed, covered 
by sparse hairs, and, analogous to the scrotum of the male, are com- 
posed of puckered skin which is glandular to such a degree that the 
labia must be regarded as a specialized glandular area (Fig. 31). The 
perineum is relatively shorter than in the male, and is covered by sparse 
yellow hairs. 

In concluding, it may be added that we possess three fetuses of 
Saimiri near term, two male and one female, in which the differentiation 
of scrotum and labia majora can be plainly distinguished. 


Cebus capucinus (Capuchin monkeys) 


Male (Fig.6). In the adult the testes are completely descended into 
a well-developed scrotum which, if not actually pendulous, is at least 
pronouncedly constricted at its base. The inguinal ring is closed in 
two adult specimens. The penis, which is short and stout, protrudes 
at the anterior margin of the scrotum. Due to swelling in the fixing 
fluid, the tip of the penis is considerably distorted in the figure. There 
is a small os penis in the midline, the urethra opening on the right. 
The skin of the scrotum is covered by minute nodular elevations which 
on section prove to be glandular. The scrotum is black against un- 
pigmented surrounding skin, and the above-mentioned nodular ele- 
vations are less pigmented than the remainder of the scrotum. Ex- 
cepting a few long, wavy, whitish hairs, the area is almost hairless. 
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The penis possesses a prepuce which continues as a median raphe 
onto the scrotum. The perineum is relatively long, well clothed with 
hair, and exhibits a low median raphe. The anus does not protrude. 

Female (Fig. 7). The rima pudendi is relatively short, flanked 
laterally by delicate labia minora and anteriorly by a short, stout 
ventrally-cleft clitoris which possesses a well-defined preputium. The 
tip of the clitoris, shown in the drawing, is considerably swollen 
and abnormally distorted compared to living sepcimens. Dissection 
of a further adult female reveals a minute baculum at the tip of the 
clitoris. Conspicuous in the adult female is the presence of a mound 
of glandular tissue on either side of the vulva contiguous to the labia 
minora. Because of the homology of position and glandular character 
of these areas to the scrotum, they are accepted as being the labia 
majora. The glandular character of the labia majora is shown in figure 
32. The perineum is rather short. 

In a female fetus essentially the same features may be made out 
as in the adult, including two similar mounds of tissue bordering the 
vulva. 


Alouatta palliata (Howling monkeys) 


Male (Figs. 8 and 9). In the juvenile male the penis, prepuce, 
frenulum, and scrotal anlage may be readily made out (Fig. 8). The 
testes are undescended. The scrotal area resembles two wings situated 
laterally to the penis. The area is practically hairless excepting for 
a few minute hairs. Penis and preputium are unpigmented ; the scrotal 
wings are black, with large white splotches occupying predominantly 
the medial aspects. The perineum is very short and the anus protrudes 
markedly. 

In the howling monkey the testes do not descend to occupy the 
scrotum until close before puberty. They come to lie eventually in 
the adult in an extremely flaccid, pendulous scrotum which is con- 
spicuous moreover by virtue of its being a brilliant white and practically 
hairless in contrast to the deeply black pigmented skin and hair of the 
body (Fig. 9). Small unpigmented areas may occur on the black 
perianal skin. There are no macroscopically visible glands present upon 
the genitalia. 

Female (Figs. to and 11). The genitalia of the newborn female 
bear a striking resemblance to those of the juvenile male (Fig. 10). 
The short vulva is bordered by rosette-like labia minora and a small, 
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ventrally cleft clitoris. To either side of these structures are two 
conspicuous alae of skin—the labia majora—corresponding in position, 
size and shape very closely to the scrotal structures of the male. A few 
extremely minute hairs are visible on the labia majora. The labia 
minora and clitoris are unpigmented; the labia majora, similar to the 
scrotum, are white excepting their outer raised borders which are black. 

The adult female genitalia seen in the living standing animal, 
from behind, present a somewhat pendulous, flattened sheet or apron 
of tissue about three centimeters long and two and one-half centimeters 
in diameter (Fig. 11). The rima pudendi is short, the labia minora 
and clitoris elongated, flattened and shallowly grooved in the median 
line. The labia majora, flanking the median structures, form the 
borders of the sheet. The genital outlet, including the labia minora 
and majora, is a brilliant white excepting the extreme borders of the 
labia majora which are black. The perineum is exceedingly short; the 
anus protrudes and is black excepting variably occurring, small, white 
flecks of unpigmented skin. Labia majora, perineum and circumanal 
tissue are very sparsely covered with hair. There are no visible glands 
upon the genitalia. 


Ateles geoffroyi (Spider monkeys) 


Male (Figs. 12 and 14). In the male fetus (Fig. 12) near term 
there is a conspicuous scrotum with a penis surrounded by a redundant 
prepuce protruding from its anterior third. Dissection reveals that 
the testes are already located within the scrotum. Indeed early descent 
of the testes is characteristic of Ateles, for in notes on a newborn 
and several juveniles, there is mention of the testes being located in 
the scrotum. In the fetus and newborn, however, the scrotal sacs 
appear to be parapenial in position, gradually in the older specimens 
becoming located behind the penis. The scrotum of the fetus is 
slightly puckered and pigmented a grey color about as deeply as the 
surrounding skin. The perineum is relatively long and the anus 
markedly protruding. There is an unpigmented raphe as well as a 
broad, unpigmented zone surrounding the anus and including the skin 
covering the ischia and reaching the base of the tail. The genitalia 
are very sparsely covered with hair. 

In adult spider monkeys, of which we have examined many fresh 
specimens, the testes are descended into a semipendulous scrotum 
covered by skin which is markedly wrinkled, irregularly mottled 
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with black pigment and covered by sparse, long, wavy, yellowish or 
blackish hairs. Dissection of fresh adult specimens shows the testes to be 
freely movable, from the scrotum, through the inguinal canal up to 
the abdominal ring which is closed. The penis protrudes from the 
anterior border of the scrotum. It is a large cylindrical organ some 
four centimeters long and up to one and a half centimeters in diameter, 
with a flattened, slightly excavated end (Fig. 14). It is surrounded 
by a redundant prepuce which can be stripped back about four centi- 
meters from the tip. The penis is covered by skin which to- 
wards the distal end is deeply black, but towards the base fades to 
grey. The penis is thickly set with small, intensely black barbs of 
cornified epithelium directed away from the apex (Figs. 14 and 34). 
These impart to the hand a sensation of touching a rasp or coarse sand- 
paper. There is no penis bone. The perineum is relatively long and 
the anus protrudes markedly. 

Female (Fig. 13). The female genitalia are characterized by pos- 
sessing a gigantic clitoris which has a groove along its entire ventral 
surface and at its base a relatively short rima pudendi. The clitoris 
is practically unpigmented excepting the low folds or wrinkles of 
skin at its base which are lightly pigmented. The wide, shallow groove 
on the ventral surface is also pigmented, more especially an expanded 
area of the groove near the tip on the ventral surface. The clitoris, 
excepting the groove, is clothed by sparse hairs, long and yellow near 
the base, especially on the dorsum, but present out to the very tip of 
the clitoris as minute, moderately closely set fine white hairs. The 
lips of the vulva are composed of similar slightly wrinkled skin, beset 
by minute hairs. At either side of the base of the clitoris there are folds 
of skin variable in distinctness in individual animals and indeed in 
some specimens not recognizable at all. 

The homologies between male and female parts, readily interpretable 
in the previous groups of platyrrhines, are difficult to see at first glance 
in the spider monkeys. We propose, because of its texture and the 
presence of hair, that the skin covering the clitoris, excepting the 
groove on the ventral surface, is homologous to the prepuce of the 
male and that the naked, pigmented, oval area, not shown in the 
drawing, but invariably present in adult specimens, near the tip on the 
ventral surface, corresponds to the slightly expanded terminal portion 
of the penis in the male. Because of the presence of hairs on the folds 
immediately bordering the vulva, and surrounding the base of the 
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clitoris to a variable extent, we suggest that the labia minora have been 
incorporated into the hairless mucous membrane concealed from ex- 
ternal view lying within the vestibule, whereas the hair-possessing 
folds immediately bordering the vulva are the homologues of the 
scrotum and hence should be regarded as the labia majora. In a 
dissertation, apparently long since forgotten, Fugger (1835) inter- 
preted the parts of the female genitalia of Ateles practically as we 
are doing here. 

Corresponding to the cornified barbs described on the penis, adult 
females possess similar but smaller barbs in the vagina which can be 
readily felt by the finger or demonstrated in sections (Fig. 33). In 
juvenile specimens it has been observed that these are not present, 
the vagina being thin walled and soft like chamois. Similarly we have 
observed the vagina of a pregnant animal, as well as one postpartum, 
to be devoid of these denticles. These observations suggest that the 
presence of these minute cornified elevations is associated with certain 
phases of the vaginal cycle. 


CATARRHINE MONKEYS 


The drawings of catarrhine monkeys are confined to the macaque. 
The findings in rhesus monkeys are, however, supplemented by des- 


criptive notes on other families. In spite of the limitations of this 
chapter, certain noteworthy observations have been made which it is 
deemed of value to record. 


Macaca mulatta (Rhesus monkeys) 


Male (Figs. 15, 16 and 17). A well-developed scrotal anlage is 
present during fetal life as exemplified by Fig. 15, drawn from a fetus 
of 110 mm. sitting height taken from a female 2% months pregnant. 
At birth there is, as a rule, a well-developed scrotum as illustrated 
by Fig. 16, drawn from a fetus of 185 mm. sitting height removed 
from the uterus at the end of gestation. The scrotal area at the time 
of birth in several preserved specimens appears swollen and oedematous. 
Out of eight late fetal macaques (ranging from 157 mm. to 227 
mm. sitting height) which we have examined, four had both 
testes located in the scrotal sac, one had a scrotal testis on 
the right, an inguinal testis on the left, and three had the testes 
in the inguinal canal. Soon after birth and for the entire period 
until puberty, which occurs in the fourth or fifth year of life, the testes 
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are uniformly located in the inguinal canal and the scrotum is reduced 
to a narrow transverse fold of skin extending from groin to groin 
just behind the penis as illustrated in Fig. 17 of an infant male. Thus 
in the macaque the scrotal anlage is discernible early in fetal life, and 
is conspicuous up to birth, but soon afterwards appears to regress, 
taking the form of a simple transverse fold behind the penis until at 
puberty the testes gradually descend, in healthy males, to become 
located throughout adult life in a well-developed, semipendulous 
scrotum. For several years, however, at puberty the excursions of the 
testes are very great, shifting readily back and forth between the in- 
guinal canals and the scrotum. Further details regarding these obser- 
vations are set forth in a previous paper (Wislocki, 1933), in which 
it is pointed out that similar, although not identical, changes (swelling 
of penis and scrotum, degenerative changes in testes) around the time 
of birth have been described in the human reproductive tract. In 
man these birth changes have been ascribed to hormonal factors. 

In the adult macaque the semipendulous scrotum, containing des- 
cended testes, is puckered or wrinkled and is a trace darker in color than 
the surrounding skin. It is relatively sparsely covered by hair which 
differs slightly in color from the body hair. In the newborn there is 
a well-defined scrotal raphe (Fig. 17) whereas in the adult it is 
scarcely perceptible. The perineum is excessively long in the male 
compared to platyrrhine monkeys. The scrotum is postpenial, although 
the short penis is actually located within its anterior border. The 
short penis possesses a well-developed prepuce, as well as glans, and 
contains a small penis bone causing the apex of the glans to be asym- 
metrical, the meatus opening slightly to the right of the midline. 

Female (Fig. 18). The rima pudendi is an elongated orifice, 
situated between the ischial callosities, and immediately bounded by 
low inconspicuous folds. At its anterior end the relatively small clitoris 
is situated, surrounded by a delicate prepuce and without any dis- 
tinct frenulum. The presence of labia majora is usually denied for 
catarrhine monkeys. Nevertheless, in infant female macaques, as well 
as in adults, there is evidence of the existence of labia majora which 
it is not easy to dismiss. In the newborn female macaque, as illustrated 
in Fig. 18, a well-defined transverse fold of skin can be observed lying 
between the groins anterior to the rima pudendi. This fold has bi- 
laterally symmetrical masses of fat in it, situated near the midline. 
On comparing this figure with those of the male genitalia of similar 
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age (Fig. 17), it becomes apparent that we are dealing with a structure 
homologous to the scrotum. This structure practically disappears 
during the juvenile period, but at puberty changes strikingly reminis- 
cent of it appear again. In healthy females at puberty there develops a 
sharply demarcated, thickened area of skin, pigmented, puckered, and 
highly colored, which extends forward over the symphysis like a tri- 
angle, with its apex at the pudendal cleft. This area, according to 
Hartman (1928), is swollen at the time of puberty and has underlying 
it, to either side of the midline, rounded masses of fat which can be 
rolled under the skin. These fatty masses are identical in character 
with similar masses in the original fold of skin present in early life. 
The area under discussion is moreover a specialized portion of that 
larger area around the genital orifice designated as the ‘sexual skin.’ 
Hartman adds that the swellings of puberty are usually confined to 
the region corresponding to the scrotum of the male and may well 
be homologized with it. 

In the platyrrhine monkeys it may be observed that the length of 
the perineum is nearly equal in both sexes, the length of the male 
perineum exceeding in some species the female by only a relatively 
short amount. Consequently penis and clitoris and scrotum and labia 
majora are very similarly located in the two sexes and the homologies 
are strikingly apparent at a glance. In the macaque, on the other hand, 
the male perineum is exceedingly long, the female perineum short, thus 
the external male genitalia lie over the symphysis while the female 
genitalia occupy a field between the ischial callosities near the anus. 
In this spatial separation of the male and female genitalia, the labia 
majora appear to have become dissociated from the rima pudendi and 
have come to lie anterior to it in a location corresponding to the position 
of the scrotum in the male. 


Labia majora are stated to be absent in catarrhine monkeys according to 
Bischoff (1879) and Weber (1928). Nevertheless, Bolk (1907) called attention 
to the presence of scrotum and homologous labia majora in several male and 
female catarrhine fetuses of undetermined genera. According to his account, the 
labia majora, corresponding to the scrotum, constitute a transverse ridge, underlain 
by fatty tissue, lying between the thighs rostral to and dissociated from the vulva. 
Lacking specimens of older stages, Bolk thought, however, that the labia majora 
disappear completely and permanently during early postnatal life. 


The present observations on fetal and newborn stages of the rhesus 
monkey bear out the correctness of Bolk’s observations. However, 
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study of older stages indicates that Bolk’s belief that this fetal fold 
disappears permanently soon after birth is incorrect. Hartman’s sig- 
nificant observations (1928) upon pubertal rhesus monkeys advances 
convincing evidence of the reappearance of the labial fold at this 
period. Our own observations on rhesus monkeys, as well as the frag- 
mentary observations on other catarrhines, confirm Hartman’s inter- 
pretation. 

The acceptance of the above interpretation raises the question, how- 
ever, as to what the simple, inconspicuous folds (Fig. 18) directly 
bounding the pudendal cleft represent. They might be construed as (1) 
labia minora, (2) labia majora, (3) a combination of the two preceding, 
or (4) an entirely new labial formation. No final answer can be given in 
regard to this question. Nevertheless certain considerations make the 
third alternative appear to be most acceptable. One might easily interpret 
the small hairless portion of the vulval lips, immediately adjacent to the 
clitoris, continuous with the prepuce, and dipping into the introitus, 
as labia minora. Lateral to these, in the anterior third of the cleft, 
but forming the actual lips of the vulva in the caudal two thirds, there 
are further folds, the labia majora. The arguments for such an as- 
sumption are: (1) the presence of fine hairs upon the margins of the 
rima, (2) indications in young rhesus monkeys, as illustrated in Fig. 
18, that these folds bordering the pudendal cleft pass forward to 
unite with the transverse fold in the pubic region, and (3) the obser- 
vation of Hartman that the triangular area of thickened skin which 
becomes conspicuous at puberty, besides occupying the pubic region, 
extends caudalward to the pudendal cleft. If this interpretation is 
valid, the labia majora in the rhesus monkey are represented not 
merely by the transverse fold, discovered by Bolk and homologous 
to the scrotum, but consist of additional components forming a good 
portion of the folds bounding the pudendal cleft. In the gibbons to be 
discussed in the next section, in which the morphology is similar, the 
evidence for such an interpretation is much more apparent. 


Notes on other catarrhine monkeys 


Male. Concerning the descent of the testes in other catarrhine 
monkeys the following notes have been collected from embalmed 
cadavers : 








NO. 








1c 








GENITALIA OF THE SIMIAN PRIMATES 323 


CATAL. SITTING 
no. (J.H.) SPECIES AGE HEIGHT TESTES 
266 Lasiopyga albigularis Fetus 164mm. Beneath skin at inguinal 
1 of twins ring 
187 Lasiopyga pygerythra Juvenile 296 mm. Descended into postpenial 
scrotum 
207. Lasiopyga pygerythra Juvenile 337 mm. Descended into postpenial 
scrotum 
148 Lasiopyga pygerythra Adult 528 mm. Descended into large post- 
penial scrotum 
69 ©6Lasiopyga rubella Adult 472mm. Descended into large post- 
penial scrotum 
197 Papio cynocephalus Juvenile 341 mm. Undescended. Scrotal fold 
as in macaque 
15 Papio hamadryas Juvenile 338 mm. Undescended. Scrotal fold 
as in macaque 
149 Papio hamadryas Juvenile 336 mm. Descended into postpenial 
scrotal fold 
25 Papio hamadryas Juvenile 460 mm. Descended into well-de- 
fined scrotum 
200 Papio papio Juvenile 445 mm. Partially descended, 
parapenial 
27. Papio porcarius Sub-adult 685mm. Descended but postpenial 


Scrotum inconspicuous 
Erythrocebus patas Juvenile 372mm. Descended but postpenial 
193 Cercocebus aethiops Adult 461 mm. Descended into small 
parapenial folds 
175 Pygathrix entellus Juvenile 478 mm. Descended 
180 Pygathrix cristata Juvenile 510 mm. Descended into postpenial 
scrotal fold 


These notes on additional catarrhine monkeys show that in adults 
and late juveniles, similar to the macaque, the testes are descended into 
a scrotum of varying degrees of distinctness. Further descriptive nota- 
tions indicate that the relationships of testes, scrotum and penis are 
in several important respects similar or identical to those described 
in the rhesus monkey. The following notes make this clear. A fetal 
L. albigularis (266) exhibits a relatively hairless scrotal anlage con- 
sisting of a transverse fold of skin immediately behind the penis ex- 
tending to the groins. In four juvenile and adult specimens of 
Lasiopyga the scrotum is well developed, highly colored, postpenial, 
nearly hairless, and the scrotal area is connected by characteristic folds 
to the groins. 
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In the baboons a transverse, postpenial, relatively hairless, scrotal 
fold, practically identical with that observed in the macaque, is highly 
characteristic. The absence of descended testes in the two youngest 
of the baboons of the series suggests that as in the macaque the testes 
descended late, and that in the interim the scrotum is represented by 
a transverse fold reaching from thigh to thigh. In these two young 
animals the testes can be palpated beneath the skin in the inguinal 
region. In the two older P. hamadryas the testes have entered the 
scrotal fold leading to the formation of a well-developed scrotum 
covered by loose puckered skin. In a juvenile P. papio the testes have 
descended so as to produce two parapenial elevations, but they have 
not entered the scrotal fold which lies just posterior to the penis. 
Notations on a single juvenile adult P. porcarius record that the testes 
are in a postpenial position, but do not occupy the transverse fold of 
scrotal skin. These observations suggest that, as in the rhesus monkeys, 
scrotal descent is late, and that the location of the testes, due to their 
mobility, is subject to considerable variation. 

In an adult Cercocebus aethiops the testes are descended and lie 
in a parapenial position within a small scrotum which is continuous 
laterally as folds of skin reaching to the groins. In a juvenile Py- 
gathrix cristata the testes have descended into a sparsely haired, puck- 
ered scrotum spread between the thighs. 

Similarly to the macaque, the male perineum is extremely long in 
all of these callosity-bearing catarrhine monkeys. 

Female. In the females of the catarrhine species which we have 
examined the rima pudendi lies close to the anus, between the ischial 
callosities. 

The folds bordering the opening of the vulva are relatively simple 
and inconspicuous compared to the platyrrhine monkeys. In the pre- 
ceding section on the macaque evidence was adduced to show that the 
labia majora, the homologue of the scrotum, had apparently come to 
lie as a transverse band anterior to and dissociated from the vulva. 
In keeping with this interpretation, we have notes on a fetus of 
Pygathrix germaini near term (sitting height 177 mm.) in which an- 
terior to and dissociated from the vulva there is a transverse fold of 
loose skin associated with bilateral subcutaneous mounds of fat analog- 
ous to those observed in the rhesus monkey. 

In a juvenile Papio papio (sitting height 450 mm.) there appear to 
be two low ridges extending forward from the vulva onto the sym- 
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physis. In an adult Nasalis larvatus (sitting height 524 mm.) similar 
low longitudinal ridges are present. In regard to the vulva, examina- 
tion of a fetal specimen of Pygathrix germaini, of a juvenile Lasiopyga 
pygerythra, and of an adult Erythrocebus patas shows that the folds, 
bordering the margins of the rima pudendi, are dotted with sparse hairs. 


GIBBONS 


Male (Figs. 19, 20 and 21). Only very fragmentary descriptions 
of the external genitalia of the various groups of gibbons exist. We 
have had an opportunity to observe the embalmed specimens in the 
rather extensive collections of the Anatomical Department of the Johns 
Hopkins University and of the U. S. National Museum. From this 
study the following notes have been assembled concerning the scrotum 
and descent of the testes in gibbons. 


SITTING 

COLLECTION SPECIES AGE HEIGHT TESTES 

Harvard U. H. concolor Fetus 145 mm. Distinct parapenial scrotum 
Testes undescended 

N.M. 145643 H.concolor Juvenile 275mm. Scrotum parapenial. Testes 
undescended 

N.M.151976 H. concolor Juvenile 344mm. Scrotum parapenial. Testes 
undescended 

J.H. 271 H. lar Juvenile 288mm. Testes in prepenial to 
parapenial scrotum 

N.M. 254457. _H. lar Adult Testes in prepenial to 
parapenial scrotum 

J.H. 204 H. cinereus Juvenile 328mm. _ Tests in parapenial scrotum 

J.H. 182 H. cinereus Juvenile 353mm. _ Tests in parapenial scrotum 

J.H. 189 H. cinereus Adult 468 mm. Tests in parapenial scrotum 

J.H. 132A H. pileatus Fetus 158mm. Distinct parapenial scrotum 
Testes undescended 

J.H. 121A H., pileatus Infant 198 mm. Distinct parapenial scrotum 
Testes undescended 

N.M. 257681 H. agilis Juvenile 365mm. Testes in prepenial scrotum 

N.M.114510 6-H. agilis Adult Testes in prepenial to 
parapenial scrotum 

N.M. 127683 _-H. klossi Infant 211mm. Testes descended into 
prepenial to parapenial 
scrotum 


These groups of gibbons appear to be essentially alike in regard 
to the major features of scrotal development in contrast to the two 
groups (H. leucogenys and S. syndactylus) which will be presented 
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below. The distinctive features of the above groups can be summarized 
as follows: the data indicate that the testes do not descend into the 
scrotum at birth but at some time much later, in the juvenile period. 
In relation to total body size the testes, even in the adult, give the 
impression of being small (Fig. 21). A differentiated scrotal area 
is always recognizable and is indeed conspicuous in fetal life (Fig. 19) 
and early postnatal life. Figures 20 and 21, of a juvenile and of an 
adult H. cinereus, indicate that the extensive scrotal elevations in the 
juvenile gibbon, extending from anus to symphysis, become reduced 
in the adult to relatively small areas, lying to either side of the penis, 
or somewhat anterior to it, in a position that can be referred to as 
parapenial or prepenial. The scrotal skin is as a rule darker in color 
than the surrounding body skin and the scrotum is relatively hairless 
compared to the body, although the hair is as a rule longer, darker 
and more wavy than elsewhere. There is an extremely long perineum 
with a conspicuous raphe. 
In contrast to the above, H. leucogenys differs materially. 


N.M. 256087. H. leucogenys Infant 185 mm. Distinct postpenial 
scrotum. Testes 
undescended 

N.M. 256088 H. leucogenys Juvenile 314 mm. Distinct postpenial 
scrotum. Testes 
undescended 

N.M. 256439 4H. leucogenys Adult 462 mm. Testes in postpenial, 
semipendulous 
scrotum 


H. leucogenys possesses a well-developed, postpenial scrotum, larger 
that in the preceding, and characterizable as semipendulous. In contrast 
to the previous groups, the scrotal area in the juvenile and adult speci- 
mens is concealed by extremely dense, long, dark hair which can 
be aptly compared to a beard. The perineum is densely haired and a 
raphe is absent or inconspicuous. 


Symphalangus syndactylus has been examined in three specimens: 


Amsterdam S. syndactylus Fetus 168 mm. Conspicuous postpenial 
scrotum. Testes 
undescended 

N.M. 255980 S. syndactylus Juvenile 423mm. § Small postpenial 
scrotum. Testes 
undescended 

N.M. 258843 SS. syndactylus Adult Strmm. Testes descended into 

small postpenial 

scrotum 
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The data for Symphalangus indicate that the scrotum in postnatal 
life is small and postpenial, with a tendency to be divided into separate 
scrotal halves. The testes descend into the scrotum late and remain 
relatively small and close to the body wall. The scrotum is concealed 
by a dense beard of black hair which is longer than the surrounding body 
hair. The perineum is clothed with hair and a raphe is only moderately 
represented. 


The above data are more informative, but agree in the main with the brief notes 
of Miller (1933). In regard to Symphalangus Miller says merely “testicles de- 
scend partly below base of penis.” Mijsberg (1923) describes a “Siamanga 
syndactylus,” alternately referring to it as “Hylobates”, in which the scrotum was 
well developed, pendulous and postpenial. His description is more like our 
H. leucogenys, a matter which cannot be determined because of the ambiguity 
attaching to the identification of his specimen. Selenka (1903) presents incidentally 
a drawing of the genitalia of a fetus (l.c. Fig. 45) of S. syndactylus in which the 
scrotum is well-developed and clearly postpenial; in two sketches of fetuses of 
H. concolor (l.c. Figs. 41 and 48), on the contrary, the scrotum is separated into 
parapenial halves. 

In view of the present observations, the majority of statements made in the 
literature are obviously incorrect. Kohlbrugge (1892) says briefly that the genus 
Hylobates is characterized by two swellings at the symphysis which contain testicles 
but are not differentiated from the surrounding skin. Sonntag (1924) states that 
the scrotum is absent in the gibbons, but the testicles are covered by folds of skin 
of the anterior abdominal wall. Pocock (1925) dismisses the subject by the re- 
mark that there is no trace of a scrotum in Hylobates. He qualifies this by saying 
that at most the testes descend to the inguinal region to form a bilobed swelling in 
front of the base of the penis. Wood Jones (1929) does not materially clarify 
the matter by saying (p. 253) that the most notable feature concerning the external 
genitalia of the male gibbon is the failure of the development of a typical pendulous 
scrotum. The genital glands, he continues, lie beneath the skin of the inginual 
region, but are not received into definite pendulous scrotal pouches. The present 
observations show that in regard to scrotal character H. leucogenys and S. syn- 
dactylus differ from the remainder of the gibbons. In H. leucogenys the scrotum 
is postpenial and semipendulous; in S. syndactylus it is postpenial but close to the 
body wall and markedly divided; in the remaining gibbons it is composed of inde- 
pendent components lying to either side of or anterior to the penis. 

Female (Fig. 22). A young adult H. agilis has been chosen for 
illustration. As in the catarrhines, the rima pudendi lies posteriorly, 
close to the anus, between the callosities. There is a prominent, 
ventrally cleft clitoris, surrounded by a prepuce. The vulva is bordered 
by low folds, which are continuous with the prepuce. Lateral to these 
and bordering the posterior half of the rima are two further folds. 
Anterior to the vulva, towards the symphysis, there are two low 
cushions of skin, covering fatty tisue, one to either side of the midline. 











328 HUMAN BIOLOGY 


We shall not give a complete description of each of the female 
gibbons which we have examined, but will turn our attention solely to 
the question of whether they possess labia majora. Regarding the 
designations of the vulval folds in the gibbons there is great uncertainty 
at the present time. 


Bischoff (1877, 1880) and Sonntag (1924) state that there are no labia majora 
in the gibbons. Pocock (1925) remarks merely that in H ylobates the upper orifice 
of the vagina and the lower orifice of the urethra are flanked by normal labia; he 
adds moreover that there are a few hairs on the labia of the vulva. Wood Jones 
(1929) says that the outer genital folds are not recognizable. Schultz (1927), 
however, states that the labia majora in the Hylobatidae are well developed in the 
fetus and are retained as comparatively large structures throughout postnatal 
growth, when the labia minora are becoming smaller. As proof Schultz presents 
drawings of two fetuses of H. miilleri of 100 and 161 mm. sitting height respec- 
tively, as well as a view of the same nearly full grown H. agilis which is illustrated 
in the present paper. It is beyond dispute that in these two fetuses, which we have 
also had an opportunity to examine, there are labial folds, covered with fine hair 
extending from the region of the symphysis, around the clitoris and labia minora 
bordering the vulva, to the perineum. These folds in the fetus Schultz identifies 
as labia majora, and we believe rightly so, because their extent coincides very 
exactly with that of the scrotal area as exemplified in the young male shown in 
Fig. 20. Deniker (1885) also shows an illustration of a gibbon fetus in which 
labia majora extend forward onto the symphysis in almost identical form to that 
portrayed by Schultz. 

It is obvious from a series of juvenile and adult females of various 
species of gibbons which we have examined in the collections of the 
Johns Hopkins University and the U. S. National Museum that the 
fetal labia majora become somewhat obliterated in postnatal life. 
Schultz regards the two folds bordering the rectal half of the vulval 
orifice in the adult (Fig. 22) as the sole remains of the labia majora, 
chiefly because these folds are covered with sparse hair. Schultz has 
overlooked the two elevations of fatty tissue rostral to the clitoris as 
exemplified in our drawing. They are not very conspicuous in the 
specimen here portrayed, but from other animals, examined in the 
collection of the U. S. National Museum, it becomes quite evident that 
some specimens possess in postnatal and even in adult life a fold on 
either side of the clitoris which extends rostrally towards the symphysis. 
Indeed in an adult specimen of H. lar (N. M. 255903) these folds 
rostral to the clitoris are darker and possess longer, blacker hair than 
the surrounding skin. In a miniature way they resemble the adult 
scrotum in regard to distribution and character of the hair. In two 
specimens of H. concolor (N. M. 154411 and 255967) the hair on these 
elevations is also outspokenly darker than in the neighborhood. In 
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a further specimen of H. agilis (infant N. M. 113419) and in two 
H. klossi (infant N. M. 121693, juvenile N. M. 121682) folds are 
present which extend toward the symphysis from the sides of the 
clitoris. In an adult H. leucogenys (N. M. 256436) lateral folds are 
conspicuous extending from the anus forward well onto the symphysis. 
On the basis of their extent and character these folds occurring in 
the female gibbons are regarded as labia majora and as homologous 
to the scrotum of the male. They coincide most exactly with the scrotal 
swellings of the fetal or infant male (Figs. 20 and 21) which extend 
from the neighborhood of the anus well forward onto the symphysis. 
From our study we believe we are justified in concluding that female 
gibbons throughout life possess labia majora which in extent coincide 
with the position of the scrotum in young males; consequently the 
labia majora extend well rostrally beyond the margins of the vulva 
and the clitoris. Thus in the gibbons, also, it appears, similarly as in 
the catarrhine monkeys, that components of the labia majora have 
become dissociated from the rima pudendi, lying rostral to the clitoris. 


ANTHROPOID APES 
Chimpanzee 


Male (Fig. 23). The chimpanzee has a well-defined scrotal area 
in fetal life and a well-developed scrotal sac containing descended 
testes in postnatal life. In healthy adult chimpanzees the scrotum 
becomes semipendulous. With Dr. A. H. Schultz we have collected 
data which are presented in the accompanying table (Table 2) to 
show that the testes descend permanently as a rule around the time 
of birth. Indeed, in a normal well-preserved chimpanzee fetus of 
193 mm. sitting height the small testes are completely descended into 
a well-defined scrotum. This fetus corresponds to a human one of the 
seventh or eighth lunar month. Similarly in a chimpanzee prematurely 
born with a sitting height of 240 mm., Schultz has noted the presence 
of the testes in a scrotum which is quite large. In contrast to our 
findings, Mijsberg (1923) reports the testes as being at all periods 
incompletely descended in chimpanzees. 

As may be observed from Figure 23, the scrotum is postpenial, 
exhibits a mesial raphe and is separated from the anus by a perineum 
of moderate length which is well clothed by hair. The penis is 
relatively long and slender with a slightly thickened apex which by 
several writers has been denied the rank of a glans. 
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TABLE 2 


Descent of Testes in Chimpanzee 





SPECIMEN SITTING HEIGHT 





Pan paniscus 193mm. (fetus) Testes in scrotum 
Am. Mus. Nat. Hist. 
Yerkes’ specimen 240mm. (premature) Testes in scrotum 
Phil. Zool. Garden 350mm. (7 Ibs.) Testes in scrotum 
known age 6% mos. 
McGregor Coll. 363 mm. Testes in scrotum 
Hopkins 262 384mm. (8.7 Ibs.) Testes in scrotum 
Hopkins 260 38¢ mm. (10.6 Ibs.) Testes in canal; 
sick animal 
Hopkins 315 416 mm. Testes in scrotum 
McGregor Coll, 429 mm. Testes in scrotum 
Hopkins 191 438 mm. Testes in scrotum 
McGregor Coll. 439 mm. Testes in scrotum 
Hopkins 217 447 mm. Testes low in canal 
Hopkins 215 463mm. (19.5 Ibs.) Testes in scrotum 
Hopkins 162 492 mm. Testes in scrotum 
Hopkins 297 477 mm. Testes in scrotum 
Hopkins 206 496 mm. Testes in scrotum 
Hopkins 372 510 mm. Testes in canal ; 
sick animal 
Dayton Nov. 513mm. (29.5 Ibs.) Testes in scrotum 
Hopkins 290 515mm. Testes in scrotum 
Hopkins 214 543 mm. Testes in canal 





Female (Figs. 24, 25 and 26). The genitalia of the female chim- 
panzee are characterized by the presence of a relatively short rima 
pudendi surrounded by rather conspicuous puckered labia minora 
which are continuous with a somewhat drawn out flattened clitoris 
enfolded by a distinct prepuce (Fig. 26). 


It has been subject to dispute whether or not the chimpanzee possesses labia 
majora. Bischoff (1879) and Friedenthal (1910) have denied their existence. On 
the other hand, Hoffmann (1878), Symington (1889), Sperino (1897) and Sonntag 
(1923) examined chimpanzees which presented evidence of labia majora. Sonntag 
(1923, p. 268) shows a convincing, labelled photograph of them with remarks to 
the effect that the mons veneris is slight and has a few sparse hairs, and the 
labia majora are represented by slight elevations of the skin over thickenings of 
the subcutaneous tissue. Schultz (1927) has summarized the present status of 
our knowledge of the labia majora in the great apes and man. He says that it 
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is certain that these structures are laid down in fetal life, but, whereas in man 
they persist throughout growth, in the anthropoids they undergo a variable degree 
of ontogenetic reduction, sooner or later leading to complete disappearance. 


The present observations upon the chimpanzee are in essential 
agreement with the observations of Sonntag and the conclusions of 
Schultz. 

The illustrations present, more completely than has been done 
heretofore, visible evidence of the nature of the labia majora. Figure 
24 shows the genitalia of a chimpanzee near term. Around the 
genital orifice and the bordering labia minora, which are arranged 
in the form of a rosette, is a relatively hairless fatty cushion, extending 
from symphysis to anus. In the juvenile chimpanzee the labia majora 
may be present in the form of fatty cushions bordering the labia minora 
and extending forward toward the symphysis as two elevations sepa- 
rated by a furrow in the midline (Fig. 26). It is apparent that these 
cushions occupy a position analogous to the scrotum in the male (Fig. 
23). The degree of development of the labia majora is, however, 
subject to considerable individual variation. Figure 25 illustrates an- 
other juvenile chimpanzee in which labia majora are not recognizable. 
To what extent the labia majora manifest themselves in fully grown 
females has not been recorded.? 


Orang utan 


Male. According to brief statements by Fick (1895), Pousargues (1895) and 
Friedenthal (1910), the testes of the orang utan are relatively small and lie in a 
recognizable scrotum, postpenially, close to the body wall. The penis is short and 
slender. There is no glans and a frenulum is absent from the prepuce. Friedenthal 
presents a colored illustration of an orang designated as nearly grown. The com- 
pact scrotum is hairless and purple, and lies close to the body wall. The testicles 
appear to be descended. 


The youngest specimen which we have examined is an infant 
Pongo pygmaeus, (N. M. 153826, sitting height 300 mm.). The whole 
region between the thighs is practically hairless. The scrota consist 
of two separate, wrinkled, pigmented, small areas situated behind the 
penis and separated by a stout median raphe extending from penis 
toanus. The small, flattened testes are situated in low folds of skin just 


*Zuckerman was prompted to take up the matter, and in a paper with Fulton 
(Jour. Anat., 1934, vol. 60, p. 44) adduces evidence of the presence of labia majora 
in a nearly full-grown specimen. 
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anterior to the borders of the scrotal areas and lateral to the penis. 
The elevations of skin containing the partially descended testes are 
symmetrically placed on either side of the penis and taper obliquely 
upward to the inguinal region. 

The next oldest specimen observed is a juvenile Pongo pygmaeus 
(N. M. 254456, sitting height approx. 550 mm.). In this specimen the 
postpenial scrotum is darker than the surrounding skin and almost 
hairless. The testes are completely descended and lie close to the 
body. The scrotum consists of two pigmented halves situated post- 
penially and separated by a relatively unpigmented raphe. The geni- 
talia are relatively small; the penis is very short, and the perineum long. 

Two older specimens (A. M. 1200, sitting height 687 mm., and 
A. M. 627, sitting height 770 mm.) are almost alike. The relatively 
small scrotum consists of an almost hairless, deeply pigmented fold, 
situated postpenially, close to the base of the penis. The surrounding 
skin is clothed by long hair. The scrotum is compact and causes the 
scrotal skin to bulge without, however, being at all pendulous. A 
slight median raphe exists between the two halves. The testes are 
small, fully descended, and upon palpation are found to be quite mobile. 
The wall of the scrotum, as well as the subcutaneous tissue around 
the base of the penis and in the inguinal region, is markedly adipose. 

It is obvious from this account of the male orang utan that testes 
and scrotum are relatively small. Nevertheless, the scrotal areas are 
differentiated at birth and the testes appear to descend permanently 
at that time. 

The specimens observed were all of Pongo pygmaeus, the Bornean 
orang, with one exception, a specimen of Pongo abeli, the Sumatran 
form (N. M. 259188, sitting height 625 mm.). This juvenile animal 
differs materially from the preceding. The testes lie in suprapubic 
position and are extremely small. Pigmented scrotal areas are not 
visible, barring two slight unpigmented folds on either side of the base 
of the short, stout penis. These findings in one specimen indicate the 
need of examination of further Sumatran orangs to see whether es- 
sential differences in the genitalia of the two species really exist. 

Female (Fig. 27). For the orang utan an illustration is presented of 
the genitalia of a female fetus (sitting height 196 mm.). Compared 
with the chimpanzee fetus (Fig. 24), one sees a small, almost circular 
rima pudendi flanked by protruding, puckered labia minora and ex- 
hibiting a small, protruding clitoris. Resembling the chimpanzee, 
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there are crescentic cushions of fatty tissue on each side of the vulva 
which we believe are the labia majora. Just anterior to the clitoris, 
on either side, these cushions exhibit superimposed, rounded hillocks. 

We have examined also a newborn (N. M. 153825; sitting height 
264 mm.) in which the puckered, rosette-like configuration of the 
labia minora is identical with the fetal specimen. Symmetrically placed 
and extending forward on each side from the border of the labium 
minus is a cushion of skin which traverses the pubic region to taper 
imperceptibly into the tissue of the groin. These structures are homol- 
ogous in position to the scrotal areas and the attendant folds of skin 
extending to the groin described in the infant male in the preceding 
section. 

In two female adults examined (Coll. Amer. Museum) there is 
a sparsely haired field flanking the vulva and extending forward over 
the pubic region. There is, however, little to be seen in this field of 
well-defined elevations. In a third adult specimen, however, pro- 
nounced, elongated cushions, containing fatty tissue, extend forward 
from the pudendal region, strikingly resembling the fatty pads present 
in the chimpanzee shown in Figure 26. The degree to which these 
labial cushions are visible in late postnatal stages is probably subject 
to marked individual variation. 


Bischoff (1879), Klaatsch (1892), Fischer (1898), and Friedenthal (1910) re- 
port finding traces of labia majora in the orang. From Bischoff’s rather obscure 
sketch of the genitalia of a half-grown specimen (Plate V, Fig. 7), one is left 
in considerable uncertainty as to the proper identification of the structures; 
Klaatsch says merely that he found labia majora in a young orang. Fischer pre- 
sents a figure of a juvenile orang in which the parts labelled labia majora coincide 
with the present interpretation, although there are other structures in his specimen, 
such as a transverse fold on either side, uniting labia minora with the majora, 
which have no counterpart in the present specimens. Friedenthal gives two colored 
figures of the genitalia of young orangs in which folds identical with the ones 
described in our infant specimen are visible. He does not refer to them as labia 
majora but calls attention to their homology with similar folds occurring in the 
pubic region in the human newborn. 


In summary it may be stated that female orangs have variably con- 
spicuous protuberances of fatty tissue, the labia majora, lying for the 
most part anterior to the pudendal cleft, in a position homologous to 
the divided scrotal area of the infant male. 
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Gorilla 


Male. The youngest gorilla fetus on record is a male (88.5 mm. sitting height) 
described by Duckworth (1898) regarding which he says briefly: “The external 
genitalia are represented by an almost sessile penis, a trace of glans being just 
distinguishable; the organ is still grooved along its lower surface. Testes are 
impalpable.” No mention of scrotum is made. Concerning the next oldest male 
gorilla fetus (170 mm. sitting height) in the collection of the Institute of Anatomy 
at Amsterdam, Dr. W. L. Straus, Jr., who had an opportunity to examine it, has 
made the following notes: “The penis is continued caudalwards with a distinct 
median raphe extending as far as the anus. Just at the base of the penis are two 
distinct scrotal swellings, but within these swellings there are no palpable testes.” 

During early postnatal and juvenile life the scrotum is scarcely evident. Ehlers 
(1881), referring to an animal (G. gorilla, sitting height 114 mm.) of probably one 
year or less of age, says that there is a median raphe from prepuce to anus and 
practically no visible scrotum. 


The genitalia of a mountain gorilla (G. beringet, sitting height 
589 mm.) which we have examined (Coll. National Museum), weigh- 
ing 40 lbs. at death and supposed to be about two years and eight 
months of age, show almost no visible scrotum. Bilaterally situated 
immediately behind the penis, which is rather stout and about two 
centimeters long, there are scarcely distinguishable scrotal elevations 
which are relatively hairless. Dissection of the region shows a thick 
layer of fat beneath the scrotal skin. Further examination reveals, 
within the layer of fat, minute, descended testes which are parapenial 
to postpenial in position. Mere observation of the scrotum, or pal- 
pation even, would not suffice to find the small testes, situated within 
the pad of fat, and would doubtlessly have led to the erroneous conclu- 
sion that the testes were undescended. The external appearance of this 
specimen is almost identical with a sketch of the scrotum presented by 
Klaatsch (1890) designated as of a young gorilla. 

We have some interesting notes made by Dr. C. R. Carpenter re- 
garding the genitalia of two male mountain gorillas living in the San 
Diego Zoological Garden. These animals were estimated at the time 
of examination to have been seven and eight years old respectively. 
Dr. Carpenter reports that the genitalia of these adolescent gorillas were 
very small and covered with rather dense hair. All that was visible 
of the genitalia were two indistinct light areas in the crotch, which 
proved upon manual palpation to be the scrotum containing descended 
testes. Indeed, the genitalia were so much concealed that it was only 
upon palpation that all doubt regarding the sex of the animals was 
removed. The scrotum consisted of a postpenial bulge of skin which 
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was tightly drawn over the testes. Although it was difficult to estimate 
the size of the gonads, they were approximately two and a half 
centimeters in length, ovoid in shape and about one and a quarter 
centimeters in diameter in largest breadth. The relaxed penis, which 
was concealed by a tuft of hair, could be palpated at the anterior 
border of the scrotum. The penis was short, about the diameter of a 
lead pencil, and was almost completely contained within a loose sheath 
of skin. 

For comparison with the infant and juvenile gorillas, we have 
examined an adult G. beringei killed by H. C. Raven (A. M. 1453, 
sitting height 1030 mm.). The animal is a full-grown specimen of 
splendid physique. Examination reveals that the external genitalia 
are exceedingly small in proportion to body weight. The genitalia are 
partially concealed by abundant, long, wavy hair. The penis is rela- 
tively short; the oval glans protrudes from the prepuce. The small 
scrotum is placed immediately behind the base of the penis forming 
a bilobed sac close to the body wall. The testicles are also sur- 
prisingly small compared to the size and weight of the animal. The 
right scrotal sac protrudes much more than the left and between the 
two halves there is a deep incisura which almost separates them. 

It is clear from the foregoing observations that the scrotum of the 
gorilla is extremely poorly developed, even in the adult not becoming 
pendulous. Moreover, the gonads are at all periods relatively small. 
The relative lack of differentiation of the scrotum and small size of 
the testes might lead one to believe that the testes descended late. 
Nevertheless in an infant gorilla of two years, although palpation 
failed to reveal them, testes were found beneath the scrotal areas 
upon dissection. Notes regarding the descent of the testes are needed 
on further specimens, but this one observation indicates that, as in 
the chimpanzee and orang utan, in the gorilla, also, the testes descend 
at or soon after birth. 

Female (Fig. 28). For comparison with the fetal chimpanzee and 
orang utan, a drawing is presented of the genitalia of a female infant 
gorilla (G. gorilla, sitting height 388 mm.). The vulva is surrounded 
by conspicuous labial folds, the lips of which, contiguous to the vulval 
orifice, are puckered, hairless and unpigmented. External to the 
small unpigmented center, the labial folds are deeply pigmented and 
exhibit scattered, minute hairs. There is a conspicuous, protruding, 
ventrally cleft clitoris surrounded by a well-developed prepuce, but 
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without a frenulum. The anus protrudes markedly and is separated 
from the vulva by a well-defined perineum with a clearly visible raphe. 

The heavy folds almost encircling the rima pudendi and continuous 
with the prepuce of the clitoris we interpret as labia minora basing 
this belief on the similarity of appearance in orang, chimpanzee and 
gorilla. According to this interpretation all of these three animals have 
rather large labia minora and protruding clitoris. The labia majora, 
as in the chimpanzee and orang, consist in the gorilla also of fatty 
cushions situated on either side of the medial structures and extending 
from the symphysis to the perineum. The exact limits of these adipose 
labial pads are not easily visible, nor can they be readily defined, but 
they protrude most prominently at the level of the clitoris and the 
vulval orifice. 

Examination of two older infant gorillas of 359 and 365 mm. 
sitting height (G. gorilla, A. M. 1458 and 1105) substantiates the 
present interpretation. Centrally, surrounding a short pudendal cleft, 
there are conspicuous rosette-like folds, the labia minora. Lateral and 
anterior to the median circular field there are bilaterally represented 
fatty ridges, the labia majora. This interpretation coincides well not 
only with chimpanzee and orang but with the appearance of late fetal 
human stages (two excellent drawings of which at the sixth and eighth 
months are presented by Didusch (Koff, 1933), where the labia majora 
are similarly composed of conspicuous fatty cushions extending from 
symphysis to perineum). 

In a young fetus of gorilla (sitting height 88 mm.) Schultz pictures 
two folds, covered with minute hairs bordering the rima pudendi, as 
the labia majora. In spite of the resemblance of these folds to the 
labio-scrotal folds in a human fetus of equivalent age, which is also 
shown in Schultz’s paper we are somewhat doubtful of the interpreted 
homology. As shown in text-figure 2 of Spaulding (1921), the human 
labio-scrotal folds do not unite cephalad to the clitoris, as suggested in 
Schultz’s sketch of gorilla, but pass forward like the limbs of a horseshoe 
into the pubic region. In the gorilla fetus depicted, the alleged labia 
majora are definitely attached laterally to the clitoris, interrupting 
any assumed phallic groove, and the folds, moreover, clearly en- 
circle the clitoris. Our interpretation, based upon the observation of 
the later stages of gorilla and comparison with the other apes, as well 
as by reference to the illustrations of human fetuses presented by 
Koff, leads us to the belief that the folds in question are labia minora 
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and that the labio-scrotal elevations—to be sought lateral to these— 
are absent or too poorly defined at this stage to attract notice. 

In Deniker’s (1885) gorilla fetus (135 mm.) he recognizes inner 
labia minora and outer labia majora. Bischoff (1879) failed to 
identify the labia majora in three young animais, while Gerhardt (1906) 
found no trace of the structures in an adult. 

The present interpretation derived from comparison of the three 
great apes and man suggests that labia minora and clitoris are rela- 
tively large, somewhat protruding and approximately circular in out- 
line in the apes. The labia majora, lateral to these, are, on the other 
hand, relatively inconspicuous elevations of adipose character, variable 
in extent and visibility in individual specimens and diminishing, as 
far as can be ascertained, with age. In the human the labia majora 
are more conspicuous and when in their normal position conceal for 
the most part the slender medially placed labia minora which lie more 
internally and are not everted as in the apes. 


DISCUSSION AND SUMMARY 
Scrotal representation and descent of the testes in the Simiae. 


A summary of our observations on this subject is deemed im- 
portant because of the statements (1) of Klaatsch (1890, 1892) that 
catarrhine monkeys possess no scrotum whatsoever, but that a scrotum 
may be present in some platyrrhines (Hapale, Cebus); (2) of Bolk 
(1907) that a scrotum is present in the fetal stages of catarrhines 
but decreases or disappears with age; (3) of Mijsberg (1922) that 
Ateles, Macacus, Semmopithecus and Cynocephalus have no scrotum 
whatsoever, whereas Oedipomidas, Cebus, Crysothrix, chimpanzee and 
orang utan have a scrotal area which does not contain descended testes ; 
and (4) of Weber (1928, p. 781) to the effect that a scrotal anlage 
is usually absent in catarrhines, whereas it occurs now and then in 
platyrrhines. 

The present observations are considerably at variance with the 
above conclusions. Our findings may be summarized as follows: 


1. A scrotal anlage is distinctly present in late fetal stages of 
all Simiae which have been carefully examined. Our data cover Oedi- 
pomidas, Saimiri, Cebus, Alouatta, Ateles, Macaca, Hylobates, Pan, 
Pongo and Gorilla. 
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2. The scrotum persists throughout life. For a part of the juvenile 
period, however, in many catarrhine monkeys, in which the testes do 
not descend into the scrotum until late, the scrotum may be relatively 
inconspicuous. When the testes finally descend completely, at or be- 
fore puberty, the scrotum becomes enlarged. 

3. The testes invariably descend completely into the scrotum in 
healthy adult monkeys and apes. 

4. The time of descent of the testes varies in different species. 
In man and the chimpanzee permanent descent usually occurs at birth. 
The fragmentary data for gorilla and orang indicate that in these 
apes descent also takes place at birth or during the period of infancy. 
In the entire groups of platyrrhine and catarrhine monkeys, as well 
as gibbons, the data suggest that permanent descent occurs some time 
in the juvenile period. For the macaque the time of permanent de- 
scent has been satisfactorily established as at puberty between the 
fourth and fifth years of age. The spider monkey appears to form an 
exception amongst the platyrrhines, descent occuring during infancy. 

5. The topography of the adult scrotum varies considerably. In 
the majority of monkeys and apes it lies close to the body or becomes 
at most slightly pedunculated. In man and in the howling monkeys 
the adult scrotum attains the most pendulous character of all. The 
location of the scrotum is also subject to variation. It lies postpenial 
in all groups excepting the majority of gibbons in which the scrotum 
is represented by bilateral areas in a parapenial or partly prepenial 
positicn. H. leucogenys and S. syndactylus form exceptions amongst 
the gibbons in which the scrotum occupies a postpenial position. In 
gibbons, compared to other groups of monkeys, scrotum and testes 
are relatively small in comparison to body weight. In gorilla and orang 
utan, also, testes and scrotum are exceedingly small in contrast to 
total body weight. 

6. Birth changes in the genitalia, similar to those described for 
man, have been observed in the rhesus monkey (Wislocki, 1933). 
These changes consist of swelling or oedema of the scrotum and oft- 
times a temporary descensus of the testes immediately at or before 
the time of birth. Throughout the juvenile period the scrotum is 
represented merely by a transverse, postpenial fold. Indications of 
a similar fold have been seen in other catarrhine monkeys. With 
permanent descent of the testes at puberty in the rhesus monkey, this 
scrotal fold enlarges to receive the testicles and to become a typically 
protruding scrotum. 
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7. Our findings that the scrotum is fully present and that the 
testes are descended in all healthy adult monkeys and apes are at 
yariance with the observations of Bolk (1907) and Mijsberg (1921). 
The former concludes that the scrotum of catarrhine monkeys under- 
goes permanent postnatal regression and upon this belief he bases 
the phylogenetic reasoning that the ancestors of the catarrhine monkeys 
had more fully developed scrota than the present representatives. 
Mijsberg postulates that the condition of descended testes with fully 
developed scrotum, as in man, is primitive, whereas complete or partial 
absence of scrotum and incompletely descended testes, as occurs accord- 
ing to him in the majority of catarrhine monkeys and anthropoid apes, 
is more progressive, constituting a form of evolutionary reduction 
of the scrotum accompanied by a permanent ascensus of previously 
descended testes. Since our observations do not substantiate any of 
the above premises, we cannot accept either Bolk’s or Mijsberg’s phy- 
logenetic conclusions. 


The labia majora: their representation in the Simiae 


The question of the existence and degree of representation of labia 
majora and labia minora in the various groups of the Simiae is a 
complex one to solve. The answer depends to a considerable degree 
upon the definition given to the terms which are in their origins 
descriptive of the human genitalia. The labia majora in the human 
are described as two rounded masses on either side of the vulva, 
composed of fatty tissue. They are continuous with the mons veneris 
above and fade away into the perineum posteriorly, forming, according 
to some, the posterior border of the rima pudendi (posterior com- 
missure).2_ The so-called outer or lateral surface of each labium 


*The mons veneris is defined in man as a pad of fatty tissue overlying the 
symphysis in the female. In the platyrrhine monkeys there is not a pronounced 
enough deposit of adipose tissue at this particular site to justify the use of the 
term. In the rhesus monkey, as an example of conditions in the catarrhines, the 
skin overlying the symphysis is involved in the formation of the transverse labial 
fold, homologous to the scrotum of the male. The term seems superfluous here 
also. In the great apes, especially during early life, when the labia majora are 
extensive and bear a striking similarity to the human, that portion of the labia 
majora extending forward onto the symphysis can well be homologized with the 
human mons veneris. Since, however, the labia majora undergo marked onto- 
genetic reduction in the apes, in some individuals amounting to practically total 
disappearance, a mons veneris is at best less easily distinguishable than in the 
human, 
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corresponds in structure to the adjacent skin. The inner or medial 
surface is as a rule free of hair but is nevertheless richly supplied 
with sebaceous glands and sweat glands. The labia majora are homol- 
ogous to the scrotum in the male and at their upper ends receive the 
termination of the round ligaments. The labia majora and scrotum 
arise in the respective sexes from a fetal structure, the so-called labio- 
scrotal fold. 

The labia minora by definition are two thin folds of tissue lying 
medially to the labia majora, hairless, covered by stratified epithelium 
and containing numerous sebaceous and some sweat glands. They 
present a moist, reddish appearance, similar to that of a mucous 
membrane. Each labium minus divides anteriorly into two lamellae 
which fuse respectively with similar folds of the opposite side to 
form the frenulum clitoridis and the preputium. There is some dis- 
agreement, which need not be outlined here, as to whether the labia 
minora fuse imperceptibly with the labia majora to form the posterior 
commissure of the rima pudendi or whether they retain their identity 
as an independent low ridge bordering the posterior wall of the vulva. 

When one considers the variable morphology of the folds surround- 
ing the vulva in the various Primates, it becomes evident that strict 
adherence to the definition for labia majora as derived from the human 
becomes impossible. Obviously many of the charateristics which de- 
fine the human labia majora are extremely modified or absent in other 
Primate forms. Klaatsch (1890, 1892), confronted by the difficulties 
of establishing the presence and location of labia majora in monkeys, 
resorted to a procedure based upon the homology of scrotum and labia 
majora. The wisdom of this course is apparent and it is the method 
which has been adopted here. Detailed embryological study of course 
should be equally important, but there is not enough material available 
at present to have recourse to that method. 


Comparing the scrotum with the parts of the female, Klaatsch (1890) decided 
that catarrhine monkeys possess neither scrotum nor labia majora, but that 
platyrrhine monkeys (Hapale, Cebus) may have labia majora corresponding in a 
most striking way to the scrotum of the male. Boik (1907), using the same 
method, found labia majora in Alouatta, Ateles, Chrysothrix and Nyctipethecus 
( Aotus) ; moreover, in catarrhine fetuses of undetermined genus he announced the 
discovery of the anlage of labia majora corresponding to similar scrotal rudiments 
which he observed in male specimens. He believed that these rudiments of scrotum 
and labia majora were destined to undergo complete or partial disappearance in 
postnatal life. 
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30. SeEcTION THROUGH THE GLANDULAR PusBic SKIN OF A MALE MARMOSE1 


(Oedipomidas geoffroyt). X 40. 


31. SECTION THROUGH A GLANDULAR LABIUM MAJUS OF A SQUIRREL MONKEY 
Saimiri Orstedt\). The gross specimen from which this section of the labia 


majora was obtained is shown in Fig. 5. The glandular labia 


majora are clearly visible in the gross specimen to 


either side of the vulva. Xx 20. 
32. SecTION THROUGH A GLANDULAR LABIUM Mayjus oF A CAPUCHIN 
Monkey (Cebus capucinus). In the gross specimen (Fig. 7) from 


which this section was obtained the glandular labia majora can 
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Our own observations are more extensive than those of either of 
the two previous workers and shed some new light upon the problem. 

Platyrrhines. From comparison of our figures of platyrrhine 
monkeys which include specimens of Oe¢dipomidas, Aotus, Cebus, 
Saimiri, Alouatta, and Ateles, there seems little doubt that scrotum 
and labia majora are fully represented and are strikingly analogous 
in position and configuration. 

A few features deserve, however, to be especially pointed out. 
In Oedipomidas geoffroyi the scrotum is unusual in that in addition to 
the scrotal sac proper there are two ridges of similarly differentiated 
tissue which extend rostrally onto the abdomen. In the female the cor- 
responding ridges are more conspicuous even than in the male (Fig. 1). 

In Alouatta palliata we find an excessive development of both 
labia majora and minora leading in the adult to the formation of 
a semipendulous labial pad strikingly analogous in form, color and 
location to the pendulous scrotum of the male (Figs. 9 and 11). 

In Ateles geoffroyi comparison of male and female genitalia leads 
us to the conclusion that the labia majora are feebly and variably 
represented by folds bordering the rima pudendi and the base of the 
large clitoris. Further comparison indicates that the much elongated 
clitoris is composed of an hypertrophied prepuce, beset with hairs, 
which conceals the actual hairless clitoris excepting for a depressed 
spot and furrow, continuous with the rima, on the ventral surface 
of the appendage. The labia minora are concealed from view within 
the vestibule. 

Catarrhines. In the female rhesus monkey our observations con- 
firm the opinion of Bolk (1907), reached from study of several male 
and female catarrhine fetuses of undetermined species, that a trans- 
verse fold exists rostral to the clitoris in the region of the pubis. 
Because of the striking homology with the scrotum in the male we 
accept this fold as representing the labia majora. Contrary to the 
belief of Bolk that in postnatal life all traces of this fold disappear 
permanently, the observations of Hartman (1928), as well as our 
own, indicate that the structure reappears in the rhesus monkey at 
the time of puberty. Hartman also points out the homology of the 
fold with the scrotum. Fragmentary observations on other catarrhine 
monkeys indicate that almost identical labial folds are present in other 
species. 
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These findings necessitate accepting that the labia majora have be- 
come dissociated from the vulva, taking up a position rostral to the 
clitoris corresponding to the location of the scrotum. Nevertheless 
there may be a further component of the labia majora contiguous to 
the pudendal cleft. The evidence for such an interpretation is pre- 
sented in detail in the previous section on the female rhesus monkey. 
It is in accord, moreover, with the conditions observed in female gib- 
bons, where there is considerable evidence indicating the presence of 
rostral as well as caudal components of the labia majora. 

Gibbons. In the gibbons our observations indicate that the labia 
majora are represented in fetal life by relatively extensive structures 
extending from the pubic region caudalward, forming the borders of 
the pudendal cleft, and reaching almost to the anus. These structures 
coincide with the extent of the scrotum in the young male. In postnatal 
life the topography of the labia majora becomes very much obliterated. 
Nevertheless, study of a series of juvenile and adult gibbons indicates 
that the labia majora are recognizable, consisting of rostral components 
dissociated from the vulva, and of caudal components forming the 
borders, beset with hairs, of the anal half of the pudendal cleft. The 
labia minora, more medially situated, form the hairless borders of the 
anterior half of the rima pudendi in proximity to the clitoris. 

It would be of interest to trace the labia majora in gibbons, as well 
as in the macaque, by embryological studies, material for which is 
unfortunately at present not at hand. 

Great apes and man. The conclusion appears reasonably sub- 
stantiated that in fetal and early postnatal life labia majora are present 
in all anthropoid apes and in man. With the exception of man, in 
which they persist, the labia majora undergo ontogenetic reduction. 
In the chimpanzee, nevertheless, the reduction may never be complete. 
In a position homologous to the scrotum, for the most part rostral to 
the rima pudendi, labial folds may be observed in postnatal life, 
varying in degree of development in individual chimpanzees. 

In the orang and gorilla the labia majora are well defined in 
early life. In the former they appear to undergo a variable degree 
of reduction during postnatal life, while in the gorilla no examination 
of juvenile or adult females has been made. 

From the literature and the present study the following gen- 
eralizations regarding the labia majora of the Simiae have been reached. 
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1. Using homology with the scrotum as a standard, labia majora 
are found to be present in all groups of the Simiae. 

2. In the platyrrhine monkeys they are well-developed structures 
flanking the pudendal cleft. 

3. In the catarrhine monkeys they lie in the main rostral to the 
pudendal cleft in a homologous location to the scrotum. 

4. In the gibbons they lie in part rostral to, in part flanking the 
pudendal cleft in close homology with the location and extent of the 
infantile scrotum. Never conspicuously developed in the gibbons, 
they undergo considerable ontogenetic reduction. 

5. In the three great apes, well developed in fetal life, the labia 
majora undergo marked postnatal reduction. In addition to bordering 
the pudendal cleft, they extend rostrally occupying a field homologous 
to the scrotum. They lie lateral to and do not conceal the protruding 
labia minora and clitoris. 

6. Inman the labia are similar in late fetal life, in their topography 
and extent, to the fetal labia of the three apes. They do not, however, 
undergo reduction in postnatal life, but persist as conspicuous folds 
bordering the pudendal cleft and concealing the labia minora and 
clitoris. 

7. The labia majora reflect the character of the scrotum, and in 
many species of platyrrhine monkeys immitate the morphology of the 
scrotum to a striking degree. In the catarrhine monkeys, gibbons and 
apes, in which the scrotum is located relatively far rostrally, widely 
separated from the anus, the labia majora become partially or in the 
main dissociated from the pudendal cleft and the clitoris which remain 
relatively close to the anus. The location of the labia majora depends 
apparently more upon a relationship to the scrotum than upon any obli- 
gatory association with the clitoris and rima pudendi. Indeed, in the male 
also, the scrotum may exhibit a certain degree of independence of the 
penis, as shown by the postpenial, parapenial and prepenial positions 
in which it is located in various species of gibbons.’ 


*An interesting example in the human of the independence of scrotum and penis 
was brought to our notice recently. A male infant of five months, admitted to the 
Children’s Hospital, Boston, had an apparently normal scrotum with descended 
testes in the usual position. The penis of about normal size and with slight 
hypospadias was completely dissociated from the scrotum, protruding ventral to 
the anus with a gap of about three centimeters between it and the caudal border 
of the scrotum. 
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The scrotum and labia majora as glandular organs in certain 
platyrrhine monkeys. 

Attention is drawn here to an interesting phase of this study, 
namely, the occurrence of extensive glandular differentiation of scrotum 
and labia majora in the Callitrichidae (marmosets), Cebus capucinus 
and Saimiri drstedii. Previous observations with which we are ac- 
quainted regarding this subject are confined solely to the marmosets 
and are brief. 


Thus Friedenthal (1910) says that the scrotum of the marmosets is richly 
supplied with glands which produce a musk-like secretion, the odor of which even 
clings to the trees on which the animals disport themselves during the mating 
season. Pocock (1920) remarks that in a female specimen of Callithrix jacchus 
there are numbers of whitish pustules around the anus, on the perineum and on 
the ischial prominences which exude under pressure a sebaceous substance which 
may be odoriferous. In a male of the same species he states that the similar 
region including the scrotum is studded with whitish glandular pustules. Beattie 
(1927) says of Hapale jacchus that the scrotum is covered with pearly white 
nodules, and that the skin of the perineum in the female is studded with numerous 
nodules resembling the condition seen in the male. Moreover, in the female these 
nodules are found anteriorly as far as the upper level of the body of the pubis 
and posteriorly as far as the root of the tail. Weber (1928) mentions merely the 
presence of scent glands in the Hapalidae, while Wood Jones (1929) remarks that 
no definite scent glands have been described in the marmosets. Wislocki (1930) 
gives a full description with illustrations of the gross and microscopic appearance 
of the external genitalia of Oedipomidas geoffroyi in which it is shown that in 
adults there is extensive glandular tissue reaching from anus to pubis including 
scrotum or labia majora. He points out that these glands are much more ex- 
tensively developed in the female than in the male, and that microscopic examina- 
tion reveals them to be complexly modified, tubular and sebaceous glands. In the 
female the glandular masses form a raised circumgenital pad with two cushion- 
like extensions extending over the symphysis. Examination shows further that 
similar glandular complexes are present in Callithrix penicillata and Callithriz 
jacchus. In 1935 Russell and Zuckerman reported a similar condition in a female 
Hapale albicollis (?). An area referred to by them interchangeably as the cir- 
cumgenital pad, “sexual skin,” labia majora or perineal swelling is said to be 
pedunculated, turgid and to be composed histologically of a moderate number of 
glands imbedded in oedematous stroma. The condition described by them differs 
mainly from that demonstrated by Wislocki in Oedipomidas by virtue of the 
oedema and the lesser development of glandular tissue. The histological appear- 
ance of the swelling in H. albicollis is said to resemble the “sexual skin” of 
catarrhine monkeys. Moreover it was stated by those who had charge of the 
animal during life that the genital swelling underwent cyclical changes. Our own 
material from Oecdipomidas sheds no light upon the question of cyclical 
manifestations. 
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In addition to the marmosets we can now state definitely that similar 
glandular differentiation occurs in two other genera of platyrrhine 
monkeys. On examining healthy adult specimens of Cebus capucinus 
and Saimiri Orstedi, our attention was attracted to whitish nodules 
upon the scrotum. Upon turning to adult females the homologous 
labia majora were found to be in a miniature way almost replicas of 
the scrotum. The labia majora formed small mounds or hillocks of 
tissue to either side of the vulva. The surface of these hillocks was 
nodular and pitted even more pronouncedly than the scrotum, the 
appearance suggesting the presence of glandular tissue. This surmise 
was fully verified by making histological preparations of labia majora 
as well as of scrotum. As in the marmosets the glands were larger, 
more numerous and more active in the female than in the male. 
Figures 31 and 32 present photographs of sections of the labia majora 
of Saimiri Orstediui and Cebus capucinus. The glands are of both tubu- 
lar and sebaceous varieties and are sufficiently extensive and active 
to warrant considering them as specialized glandular organs involving 
the labia majora. In conclusion it may be stated that the presence of 
specialized scent glands, involving the circumgenital region, is character- 
istic of Oedtpomidas geoffroyi, Cebus capucinus and Saimiri orstedii. 
Although present in both males and females, in the latter the glands 
achieve their greatest development. 
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THE ZONES AND STRATA THEORY— 
A BIOLOGICAL CLASSIFICATION OF RACES 


BY GRIFFITH TAYLOR 


University of Toronto 





I, INTRODUCTION 






1919 the writer published a classification of human 
f traces which departed in a number of respects from cur- 
==) rent classifications. His chief interest in science for the 
=| past fifteen years has been in the early history of the 
human races, especially in their differentiation and migration, and he 
is now even more sure in his belief that the somewhat new tools 
and methods then employed, if adopted more generally, would in 
considerable measure modify current classifications. 

Two quotations from authoritative books will emphasise his point of view. 
Kroeber (in his standard Anthropology) writes: “The only classification that can 
claim to rest upon a true or natural basis is one which takes into consideration 
as many traits as possible........ and weights the more important more heavily 
than the unimportant features.” The present writer would like to see included 
under the word “traits” such factors as ecological distribution and archeological 
strata. Another pertinent quotation is from E. B. Tylor (in the article on 
Anthropology in the Encyclopedia Britannica), as follows: “The classification 
by Cuvier [about 1820] into Caucasian, Mongol and Negro corresponds in some 
measure with a division by mere complexion into white, yellow and black races.... 
but cannot be regarded as separating the human types either justly or sufficiently.” 


Strangely enough, the classification of Cuvier, made before Anthro- 
pology was a science, still seems to be the basis of most modern 
classifications. It is surely unusual for pre-scientific classifications 
to remain orthodox for so long a period, and the present writer has 
been completely unorthodox in this respect ever since he commenced 
his research in anthropology. It is the purpose of this paper to draw 
attention to an ecologist’s approach to the problem, to the confirmation 
to be derived from modern biological research, and to suggest a 
classification of the races which seems to him more in harmony with 
the history of the races concerned. 
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Few anthropologists have given much attention to the fact that 
the environment during the critical period of man’s differentiation 
was very different from that obtaining today. His routes of migra- 
tion are by no means to be understood by mere reference to present- 
day topography and climate. The forces that set him migrating are not 
in general in action today. In other words, among the factors to 
be considered in evaluating our problem the changing environment 
is by no means to be neglected—and can give us many clues if used 
in connection with isopleths of present-day distribution. 


II. THE GENERAL THEORY 


It was his use on world maps of the isopleth method in charting 
the criteria of race, in conjunction with the findings in W. D. 
Matthew’s memoir, “Evolution and Climate” (1915) (see biblio- 
graphy at end), which led the writer to publish the Zones and Strata 
Classification of Races in 1919. The general principles of this concept 
are illustrated in Fig. 1. Here three parallel cases of evolution are 
considered. All anthropologists will agree as to the explanation of 
the block diagram on the left. Here we see zones of Methods of 
Transport arranged round the city of Sydney—the only settlement 
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Fic. 1. Tue Zones anp Strata Concept AppLiep TO (A) EvoLutTion or 

TRANSPORT, i.e, CutTureE, (B) EvotuTion or Even-ToEp MAMMALS 

(Basep on Data By MatrHew) (c) Evo._uTion or THE Races or MAN. 

In each case the “Cradleland” is at the centre of the Zones, and the earliest 
most primitive type (1) is pushed to the margin. 


7A less complete account of this concept—which omitted the biological parallel— 
will be found in Human Brorocy for February, 1930. The present paper is a 
supplement to the former. 
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of note for 60 years in Australia. The “strata,” resulting from this 
evolution in Sydney and gradual migration to margin, are indicated 
on the vertical edge of the block diagram. Clearly there is a common 
cradleland, where commercial activity is greatest, in the centre of the 
zones—and the primitive types now occur precisely where they did not 
originate. 

Turning to Fig. 1B, we find the same process illustrated in the 
evolution of the Artio-dactyls (or even-toed mammals) based on data 
given by Matthew. The antelopes are earliest and are displaced farthest 
from the centre. The sheep are latest and still characterise the common 
cradleland. The fossil strata are in accord, using the paleontologist’s 
“Law of Superposition.” No biologist doubts that the zones and 
strata in the case of these mammals indicate the order of migration 
and of evolution for the artio-dactyls. 

The writer believes that primitive man was differentiated into 
the five major races long before the later races reached Western 
Europe. This evolution almost certainly took place in Asia and 
occurred before the last Ice Age. It certainly far antedated early 
Neolithic times.2 Hence early man of such a primitive type can 
surely be considered as obeying the same laws of migration as the 
higher mammals. If now the pre-Columbian distribution of the races 
be plotted in a block diagram (Fig. 1C), we find a series of zones and 
strata closely resembling the two already charted. It is diffcult to 
escape from the conclusion that the centre of Asia is the common 
cradleland where evolution progressed most actively in the case of 
primitive man—just as Matthew has shown it progressed most active- 
ly here to produce new types of the earlier mammals. Indeed, we can 
almost exactly parallel the spread of the Rhinoceros from Asia with 
the spread of the negroes, while the spread of the Pleistocene Equidae 
is the same as that of Alpine man (Matthew, Figs. 20 and 17). 

The centre of stimulus in Fig. 1A was the commercial progress in 
the city. In the case of the mammals and man it was the stimulating 
climate of south central Asia. I have in a number of books and 
papers (see bibliography) shown that this region in the past has been 
characterised to a marked degree by such climatic features, but lack 
of space prevents my covering this ground again. 


*It is probable that the first Alpine peoples reached France (Solutré, etc.) 
in Aurignacian times (vide A. Keith); and Koeppen dates this as far back as 
74,000 years ago. Neolithic times in France were only 8,000 years ago. 
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The actual mechanism whereby the changing environment (especi- 
ally the vegetation belts) led to the migrations of primitive man has 
been illustrated by the writer in his recent paper, “The Ecological 
Basis of Anthropology.” Here in a series of four block-diagrams 
he shows how the changes of climate (from B. C. 18,500 onward) 
in Scandinavia produced the shift of belts of trees at the rate of 
perhaps three miles a century. Neolithic Man, Bronze Age Man, 
and Iron Age Man show (by their artefacts) that they migrated here 
in accord with climatic change. 

The five major races (see Fig. 3), as deduced from their zonal 
distribution—and from their anthropological ‘strata’ in so far as we 
can reconstruct them, are given in Table 1. 


III. THE HEAD INDEX 


It will be noticed that in the above table the writer relies on head 
index and hair texture primarily. Charts by Biasutti will be found 
to demonstrate the reality of the racial zones (Fig. 1C) which were, 
however, deduced by the writer several years before he knew of 
Biasutti’s maps (1912). Unfortunately, there is a distinct tendency 
today to depreciate the value of the head index as a racial criterion. 
This is in large part due to the research of Boas (1911) on the changes 
which the children of European immigrants experience if they are born 
in the city of New York. Everyone has heard that the head-breadth 
of the brakeph* Jew children decreases, and that the head-breadth of 
the dokeph* Neapolitan children increases with the change of birth 
place. But it is not so clearly realized how slight is the change—what 
factors have produced the change—and finally that Boas himself 
issues a cautionary statement with his findings. 


The average decrease in head-width in Hebrews merely amounts to 1.52 milli- 
metres; which is just one per cent of the absolute width. (This would hardly 
affect the cephalic index by one unit.) In the case of the Neapolitans the increase 
is 0.48 millimetres—and the change (in some 140 mm.) is still slighter. More- 
over, Boas very properly points out that certain measurements of the parent 
immigrants (such as width of head and width of face) varied steadily from 1880 
to 1910— which variation certainly affects the importance of the change in their 
progeny born in New York. Moreover, the writer would like to be sure that the 
age-factor does not enter into the problem. There is usually a slight change in the 
head index as a child grows up—dquite independent of his race. Venn (1889) 
showed this years ago for undergraduates at Cambridge (England). Here there 


*Convenient contractions for brachycephalic and dolichocephalic. 
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was an increase from 77.9 to 79.2 during the period from 19 to 23 years old. On the 
other hand, A. Macalister (1897) states that there is in general a change toward 
brachycephaly as the child grows up. Since Boas is mainly dealing with young 
subjects (from birth to 25), this is a vital point. 

A second point is that a mere change of life from country to city (e.g. in 
Italy) has considerable effect on physical measurements, as Livi has proved. 
To this also Boas refers, and allows that it may have a bearing on his investi- 
gation. His conclusion is very important. “The proof of plasticity of types does 
not imply that the plasticity is unlimited. The history of British types in North 
America, of the Dutch in the East Indies and of the Spanish in South America 
favors the assumption of a strictly limited plasticity.” 

In 1913 Boas discussed the conditions which arise in central Italy where the 
Alpine and Mediterranean races have been in contact for several thousand years. 
He plots the mean square variability of the cephalic index and shows that 
there has been not enough merging even here to invalidate the use of the cephalic 
index as a race-measurer. 


The present writer feels that the slight non-continuous variations 
noted by Boas do not affect the validity of the cephalic index. How 
else can we account for the relative uniformity of the Alpine race 
(inhabiting high plateaux, hot plains, salty steppes, deserts, wet moun- 
tains, marshes and fertile lowlands) which extends from the Hima- 
layas to the Bay of Biscay? 


As Ripley (1900) writes, “The Galchas, Tadjiks and their fellows (of the 
Pamirs) are grey-eyed, dark-haired, stocky in build, with cephalic indices ranging 
above 86 for the most part. From this region a long chain of peoples of similar 
type extends uninterruptedly westward over Asia Minor and into Europe.” 


Iv. CORRIDORS INTO THE CONTINENTS 


It is of considerable interest to use our knowledge of the relative 
accessibility of the various continents, and to see how it agrees with 
the Zones and Strata Hypothesis. 

Most anthropologists accept Asia as the cradleland of the Alpine, 
Mediterranean and Australoid Races. If we are to assume that the 
negroes or negritoes evolved in Africa, then we are faced with several 
cumbrous inconsistencies. Where did the negroes (and negritoes) 
of Melanesia and thereabouts come from? If Africa is suggested, 
the obvious reply is that it is far simpler to assume that both African 
and Melanesian negroes came from south Asia, i. e. the same centre 
of Racial Evolution as did the other races. Moreover, the Zones and 
Strata hypothesis leads us to believe (even if this be not actually 
proven) that primitive races persist in the marginal lands, precisely 
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where they did not evolve. The same arguments apply to the negritoes, 
and lead us to accept an Asiatic cradleland. 

What was the relation of Africa, Australasia, and America to the 
Eurasian land-mass during the later Ice Ages—when we may surely 
picture these earlier racial migrations as occurring? Surely something 
like this. The easiest of access was Africa, for only the Red Sea— 
probably much less of a barrier then—separated that region of deserts 
and savannas from the cradleland (Fig. 2). 
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Fic. 2. THe Orper oF THE Major MIGRATIONS FROM ASIA AGREES WITH 

THE Ease or COMMUNICATION WITH THE OUTLYING CONTINENTS BY MEANS 

OF THE Martin Corripors. Thus Africa, Australia and America could be 
entered in this order. The racial zones support this theory. 


Australasia was the next most accessible. During the Ice Ages no 
doubt the broad low area of Sunda Land with the almost dry Bali- 
Timor ridge led to the large low Sahul Land and so to Australia. 
(See the writer’s book, 1927.) In the Interglacial period both Sunda 
Land and Sahul Land were drowned as the result of the filling of 
the oceans by the melting Ice Caps. Hence we may postulate that 
Australia and Melanesia were on the whole much harder to reach 
than was Africa in those early days. 

As regards America, all migrations must pass via northeast Siberia. 
In the Ice Ages this was covered with an Ice Cap (Taylor, 1930) 
which would definitely discourage migrations. During interglacials 
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the Behring route might be quite feasible—and doubtless during such 
a period a few tribes of Australoids or kindred folk reached America 
(Taylor, 1919). Possibly during the close of the Wurm Ice Age the 
Eskimo reached America while their congeners, late Paleolithic Man, 
were reaching Western Europe. The main migrations into America 
seem to have occurred in the warmer periods (say of the Achen 
retreat of the ice or between the Buhl and Schnitz minor advances 
of the ice in Europe) some ten to twenty thousand years ago. 

Now assuming these geographical relations, what should we expect 
to find? Primitive man was thrust out of south central Asia (primarily 
by climatic changes leading to greater cold or aridity) and would 
know nothing of the outlying areas. He would no doubt move off 
in several directions (to south, southwest or southeast) more or less 
equally. Thus the greater proportion of the earliest migrations would 
inevitably reach Africa (the easiest outlet, on the whole), while a 
smaller number would reach Melanesia by circumventing the very 
difficult tangle of mountains in Southeast Asia, crossing the “stepping 
stones” of the East Indies; and, if fortunate enough, making use of 
the alternately open and drowned corridors of Sunda and Sahul Lands. 
This ‘paired’ dispersion to west and east is illustrated in Fig. 6. 

As millenia passed the more accessible lands of Africa would fill 
up, and Australia would receive a much larger proportion of later 


(Australoid) migrations. Finally as the latest migrants were thrust 
from Asia, the American corridor became available—and this is why 
we find so large a proportion of the Alpine-Mongolian Race in the 
New World. A glance at the arrangement of the Zones (Fig. 3) 
will show that this series of migrations is fully corroborated. 


Vv. THE NEGRITO ZONE 


No feature of the classification adopted is entirely new, for the 
obvious reason that among the dozen latest classifications almost all 
reasonable methods have been suggested. But it is because the writer 
has applied a somewhat novel test—the ecological one—and finds 
that it lends support to one set of racial classes and not to the others 
that he adopts the former. 

Let us consider the five classes in order of development (Fig. 3). 
Most anthropologists group the negritoes as a stunted variety of the 
negro, though Dixon has made them a variety of the Alpine. The 
writer’s belief that they are relics of a very ancient type of man, con- 
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Fic. 3. Five Staces 1x Ractat MIGRATIONS IN THE OLD Wor tp, 
Eacu REPRESENTING A SEPARATE Major Race. Black areas show 
present habitats. Dotted areas are probable early habitats, 
The lowest race in the diagram was the first differentiated, 
the highest was the latest. 
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temporaneous with Neandertal man (Fig. 6), cannot be claimed as 
proven, but seems to be more in accord with the facts than the other 
two suggestions. The writer has shown (1934) by means of his 
“ethnographs” (which correlate five important physical criteria) that 
the brakeph negritoes of the Congo Forest have little in common with 
the surrounding dokeph negroes; and the same is true of the Tapiro 
negritoes of New Guinea and the surrounding negroes. Yet the two 
far-distant negrito types very closely resemble each other (Fig. 3A). 
The only link between negrito and Alpine is the rather broad head of 
the former. In no other respect are they alike, and the writer can- 
not see any evidence in the general plan of racial migration which 
would remove the negritoes so far from all Alpines—if they were 
really an off-shoot of the latter. Similarly in Luzon (and in the tip 
of India, if recent research is correct) we find numbers of Negritoes 
with no adjacent Negroes from which to derive them! 


VI. NEGROES AND NEANDERTALS 


All anthropologists adopt the negro as one of their major classes 
(Fig. 3B). It is almost the only point of general accord. But the 
present writer has been endeavoring for many years to develop a 
reasonable theory of negro origins. Are there any relics of the an- 
cestors of the negroes? Has their hot environment any bearing on 
their evolution? It is logical to expect to find some clues to their 
ancestry in the ‘strata’ underlying the relics of the present negro 
races in Africa, or below the Mediterranean race in Europe, Africa, 
and Asia. 


These occur even in Asia, for Guha and Basu (in Anthropos, 1932, p. 162) 
mention several ‘inliers’ of tribes where ‘crepe’ hair is to be observed among 
the Nagas in Assam and also in Cochin. Furthermore, Mansey has described 
‘Melanesoid’ skulls from Tonkin (vide von Eickstedt). 


Western Europe is the only region which has been moderately well 
investigated as regards Paleolithic times. Here we find an almost uni- 
versal ‘stratum’ characterised by Neandertal man, followed by Cro- 
magnon, Combe Capelle, and Grimaldi man. Not many years ago it 
was customary to state that Neandertal man had died out, and that no 
living races had descended from him. The writer believes that later 
evidence is disproving this statement. In the first place, Neandertal 
man seems to have been a distinctly variable person. 
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The skull from Ehringsdorf (1925), although dating from Pre-Wurm days, 
had a loftier vault, thinner walls and a more vertical forehead than many later 
Neandertal types. In Keith’s words (1931) already he approached modern man 
in these respects. One of the most primitive skulls of all comes from Broken 
Hill, Rhodesia—yet Smith Woodward links it with the Australoids. At Predmost 
(Moravia) twenty skeletons of Aurignacian culture are described by Keith as 
having large heads, with palates rivalling the Australoid, and in their long, 
high skulls reminding one of the ‘negroid features of the Combe Capelle type.’ 
The Galilee skull (Keith, 1931) also exhibits features linking Australoid and 
negro skulls to Neandertal, especially as regards the frontal bones and the 
height of the vault. Sarasin (1924) is emphatic that living negroes from 
New Caledonia as regards the orbit, jaw, nose and humerus are more primitive 
than the Neandertal type (1924). 

Von Ejickstedt (1934) corroborates the view put forward by the writer in 
1919. He) states that the Aurignacians of Europe show a great similarity with 
recent Australoids, and the resemblance also obtains with Neandertal man, but 
to a less degree. In his opinion, the Aurignacians are somewhat less primitive 
than the Australoid, as regards prognathism, face and skull-base, but are extra- 
ordinarily alike as regards body-shape, length of skull, shape of chin, etc. In 
Capetown in 1929 a skull was dug up from a depth of four metres which again 
links the European Aurignacian type with the Australoid in von Ejickstedt’s 
opinion. 

Since so many writers have demonstrated that a series linking 
Cromagnon to Combe Capelle and to Neandertal is gradually being 
discovered (cf. von Eickstedt, p. 425), there seems no good reason 
to doubt that Neandertal man was physically as near to the ancestor 
of his successors as we could reasonably expect to find in a marginal 
region. An analogy with Greenland may make this clearer. Suppose 
anthropologists had only evidence of a marginal colony like Greenland 
to help them in their reconstruction of Scandinavian history. They 
would find skeletons and artefacts to help them to elucidate Scandi- 
navian history from A. D. 1000 to A. D. 1400. Then right from 1400 to 
1700 (when Egede made another settlement) there was an absence of 
Scandinavian man and culture in Greenland. The new culture after 1700 
seemed entirely dissociated from that of the early Norsemen. But else- 
where, i.e. in the cradleland (here Norway), the sequence was unbroken. 
So also West Europe was a marginal land receiving interrupted migra- 
tions, and the complete picture of racial and cultural evolution of 
Neandertal man is obviously to be sought in southern Asia, not in 
Western Europe. 

Let us once more return to the topic of living descendants of 
Neandertal man. Most convincing is the description of an Australoid 











long, 
type.’ 
d and 
id the 
from 
imitive 


iter in 
y with 
in, but 
imitive 
extra- 
tc. In 
. again 
cstedt’s 


inking 
being 
reason 
cestor 
rginal 
ippose 
enland 
They 
candi- 
400 to 
nce of 
r 1700 
it else- 
roken. 
migra- 
ion of 
not in 


nts of 
traloid 








ZONES AND STRATA THEORY 359 


woman who died only a few decades ago in Eastern Australia. Burkett 
and Hunter (1922) give 14 Neandertaloid features in this skull. In- 
deed, in the regions of the torus and bregma they notice affinity to 
Pithecanthropus! The writer believes that it is precisely because 
the negro was thrust into the stagnant environment of the Tropics (of 
Africa and Melanesia) that he preserves so many primitive features. 
Of course he has evolved somewhat since his early arrival in the Tropics 
perhaps 100,000 years ago. But meanwhile in other stimulating areas 
racial evolution has been much more striking and has left him far be- 
hind. His ‘paired’ environments (in Africa and Melanesia) are in- 
dicated in Fig. 3B and Fig. 6. 


VIII. THE AUSTRALOID ZONE 


The writer in 1921 in a large colored chart of nine maps showed 
his conclusions as to the evolution and migrations of races. The 
relative position of Negroes and Australoids is a little difficult. In 
both there is a wide range of characters. Thus in Australia the writer 
has investigated most of the coastal regions, and here the aborigines 
in general are much less ‘primitive’ in appearance than those from the 
central deserts, made familiar by Spencer and Gillen’s splendid books. 

Apart from the hair, there is no very striking difference between 
the Australoids and Negroes. But hair texture is universally admitted 
to be of great importance—and in the Australoids it is almost uni- 
versally wavy rather than curly, and never frizzy. This places them 
biologically nearer the central racial zones (Mediterranean and Alpine). 
It is of interest that Sarasin (1924) records that the newborn New 
Caledonian negro has wavy hair which is replaced after the first week 
or so by the usual kinky negro hair. So that kinky hair is possibly 
a secondary character acquired by negroid peoples. 

If we turn to the ecological evidence, then it seems clear that the 
Australoids migrated out of Asia much later than did the Negroes. 
Thus Mitra (1927) writes: “India shares with Africa Proto-negroid 
beginnings........ and with southeast Asia the superimposition on 
them of Proto-Australoid elements.” There are now no negroes or 
negritoes on the mainland except in Perak (and perhaps in the tip of 
India). But there are millions of Australoids (the so-called Pre- 
Dravidian tribes) in the eastern hills of the Deccan in India and in 


‘In this paper he used the word “Mousterian” as a general term for races 
like the Australoid. But it seems better to drop this term. 
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Ceylon. So that we may surely say that their less marginal position 
agrees with the hair-character, and places the ‘wavy’ Australoids a 
little higher than the ‘frizzy’ Negroes of Africa or Oceania. 

My suggestion is that a Neandertaloid type lived in southern Asia 
and gave rise to the negroes far back in the Pleistocene—perhaps in 
the Gunz-Mindel Interglacial (Fig. 6). The Mindel Ice Age drove 
most of them to the southeast—whence later they reached Africa.5 
Fewer went to the southeast and so ultimately gained Papua and 
Melanesia. The Semang of Perak and possibly some tribes in Assam 
support this hypothesis. It is little use speculating as to change in 
hair character which probably now developed in the cradleland, but 
I picture the next migration as consisting of Australoids—most of 
whom went into India or to the southeast and so reached Australia. 
Possibly their cradleland was farther to the east in Asia than was that 
of the negroes. 


In Upper Tonkin 17 skulls of Australoids akin to those found in the Aurigna- 
cian in Europe are mentioned by von Ejickstedt (1934). Many of the people 
living in Western Europe about B. C. 20,000 were very like the Australoids 
(Taylor, 1933); and Sir Harry Johnston (1923) draws attention to the Austra- 
loid appearance of the Ushtettas still living in the mountains of Algeria. 
It seems likely that some Australoids reached America in one of the Interglacials— 
probably the Riss-Wurm Interglacial. The Punin skull from Ecuador is des- 
cribed by Sullivan (1925) as showing a strong resemblance to Australian skulls. 
So also the rather numerous skulls from Lagoa Santa, Bogota, Coronel, and 
Patagonia, described by Verneau (1924) and others, probably represent des- 
cendants of the early Australoid migration. The Qurungua type described 
by Wegner (1931) from lower Bolivia is probably a living representative of this 
early migration. 


VIII. THE MEDITERRANEAN ZONE 


The next zone consists of the Mediterranean type with its variant, 
the Nordic (Fig. 3D). Buxton (1928) links together the Proto- 
Nordics of north Asia (Turkoman and Ainu) with the Australoids of 
India as forming one group—the Primitive Cymotrichous. While the 
present writer prefers to separate the Australoids as an earlier zone, 
he agrees that the Nordics could readily have evolved in central Asia 
from the Australoid type. Perhaps the Todas of India and Ainu of 
Japan are survivors of this peculiarly hairy, dokeph type—but with 


*Somewhat doubtful ‘inliers’ of negroid traces have been described from Susa 
(Persia) and S. E. Arabia, (Taylor, 1921). 
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noses much more leptorhine than most Australoids. (The writer 
[1926] has, however, examined a number of full-blood aborigines in 
northwest Australia whose noses could fairly be described as leptorhine. ) 

Many writers since the time of Sergi (1901) have linked the Nordic 
and Mediterranean. Sergi considered the Nordics as ‘bleached’ Med- 
iterraneans who had moved from Africa into the Baltic region. It 
seems, however, more likely that Siberia was their homeland (Taylor, 
1921) in view of the kurgan relics and the similarity between the 
Nordic and Siberian cultures. I have long suggested that a dokeph race 
with wavy hair, developing (say) in Turkestan, might split into two 
migrations. One slowly passes through hot, arid lands to North 
Africa and this evironment ‘selects’ a dark, slender type, the Mediter- 
ranean race proper. The northern migration halts for several millenia 
in Siberia and then slowly moves to the Baltic. This cold, dry environ- 
ment picks out the blonder, hairy types, and ultimately the taller Nordic 
race is differentiated. 

It is perhaps significant that the blood indices of the Nordics 
resemble those of the Mediterranean on the one hand and the Austra- 
loids on the other (Taylor, 1930), and are very different from those 
of the Alpine race or negroes. On the other hand, the Alpine and 
‘Mongolian’ blood indices are much the same, thus supporting the 
writer’s views as to their close kinship. 

As regards the origin, status and migrations of the Mediterranean 
group as a whole, there is little controversy. Their migrations can 
be traced back towards southern Asia; both from the European and 
African ‘wings’ on the west, and from the American and I[ndonesian 
wings on the east. There is no break in the centre, as in the case of 
the negro and Australoid zones, for India contains many representa- 
tives of this race. Indeed, it extends all round the margins of Asia, 
for there are many tribes of this type still surviving in the rugged 
ranges of South China where they have not yet been overwhelmed by 
the Alpine-Mongolian flood. The zone is more broken along the east 
coast of Eurasia than on the west—and the shattered tribes from this 
area are to be found in Micronesia, and constitute what Dixon calls 
the Caspian migration into Polynesia and America. Heine-Geldern 
(1932) places the cradleland of the allied Austronesian tribes in Yun- 
nan whence they spread through the East Indies. 

In India, as Mitra (1923) points out, there are clearly several 
distinct migrations of the Mediterranean Race. First came the early 
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Dravidian-speakers—probably tribes akin to the Ethiopians of north- 
east Africa. Their descendants are the Kurumbas of the south, and 
possibly the folk who built Mohenjo-daro. They may have been in 
control in India from B. C. 5000 to the invasion of the Aryan-speakers 
from the northwest. The latter were at first mainly Nordic and Med- 
iterranean, and perhaps date as far back as B. C. 2500. Later came 
further invasions from the northwest which consisted largely of Alpine 
tribes, and these conquered the folk in the main river-corridors, i.e. 
down the Indus and Ganges (Taylor, 1927). 


In 1919, disagreeing with Perry’s deductions, I stated that these Mediter- 
ranean tribes “migrated from the Arab-Persian region and erected Megalithic 
monuments in Turkestan, Persia, North Africa, North India, and the East 
Indies.” Mitra (in 1927) corroborates this view as follows: “A migration 
from Central Asia brought about........ an Indian-Erythrean complex which 
saw the rise of the huge countless funerary monuments in the Deccan as well 


as in Egypt.” 


IX. THE ALPINE-MONGOLIAN ZONE 


The most popular classification of races as regards Eurasia seems 
to be indicated by a line running from Lapland to Burmah, which is 
given in Fig. 4 (Color map). The writer cannot understand how this 
division between the so-called Caucasian and the so-called Mongolian 
has persisted so long, presumably from the time of Cuvier in 1820. 
Many authors (e.g. Ripley) object strongly to the term Caucasian; 
and to the writer the only common character of the nations living 
in the so-called Caucasian moiety of Eurasia is that they nearly all 
speak Indo-Aryan tongues. But this use of language as a primary 
guide to race has long been given up elsewhere. 

Let us, however, use “as many traits as possible,” as Kroeber 
advises us (see Introduction). In Fig. 4 I show the main features 
as given in Biasutti’s atlas of anthropological criteria. If we con- 
sider skin color, we find that the isopleths of color have nothing in 
common with the reputed major racial division (shown by the heavy 
black line). The Olive complexion is equally common on both sides, 
as also is the next grade of color, Light Brown. Head Index may 
be considered next, and here again the isopleths clearly run at right 
angles to the reputed race boundary—which to the ecologist means 
that they have little or nothing in common. Consider Facial Breadth 
(in the third map) and we see that Broad faces are characteristic of 
the Eurasian peoples as a whole—there is no division here either, along 
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Fic. 4. Maps CHARTING THE DistrisuTION or CoLor, Heap INDEX, 


Face Inpex, STATURE AND Nasat Inpex. No support for the division of 
the peoples of Eurasia into Caucasian and Mongolian can be derived 
from these maps, which are taken from Biasutti or Ripley. Note also 
that the corridors of migration cross the so-called division. 


the reputed boundary. So also Stature gives us no data to support 
this division, and Nasal Index has little bearing on it, since Biasutti 
labels all the Eurasian region (except the southeast) as Leptorhine. 
Only in Biasutti’s map of hair texture is there some justification for 
this division for the straight-haired folks are in general to the east of 
the reputed boundary and the wavy-haired to the west. (See the map 
of Nasal Index). Kroeber, however, assigns all the straight-haired 
peoples of central Asia to the Caucasian,® while Ripley links Alpines 
and Mongols in his chart of Hair distribution. 


*Minor differences like ‘shovel-teeth’ and the ‘epicanthic folds’ are surely not 
important enough to isolate the Mongols as a major race. 
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The last map in the series shows us that racial history lends little 
support to these Caucasians or Mongol subdivisions. Right through 
historic times peoples and cultures have passed freely between the east 
and west of central Asia as shown by the two long arrows. We may 
be sure that in prehistoric times—especially in the very long interglacial 
period when the climates were neither so dry in summer nor so cold 
in winter—primitive peoples migrated even more freely between the 
Turkestan area and the regions east and west of it. 

Early Chinese history is an account of thrusts from the northwest. 
Indian history is the same story of thrusts from the northwest. Egyptian 
history records the major migrations as coming from the northeast. 
European history is entirely controlled by thrusts from the east. There 
can be little doubt that stresses and strains in the heart of Eurasia—one 
deduces in the area between the Caspian and the Pamirs—have set 
in movement racial migrations throughout the Ages. If this be so, 
then the main racial isopleths should be lines more or less concentric 
around the centre of disturbance—and cannot possibly run almost 
through the Pamirs as shown in Fig. 4 (Color map). 

For these reasons the present writer in 1919 adopted the term 
Alpine-Mongolian to indicate that the Mongol type was only a variant 
of the fairly homogeneous group of peoples which occupy the main 
bulk of Eurasia. The characters of the Alpines are indeed summed 
up in the set of five charts. They are all brakeph (80 to 90), almost 
all olive in color, all broad face, of medium stature, and with leptorhine 
noses. The hair is on the whole wavy in the west and straight in the 
east, but is never curly—much less frizzy. They occupy the centre of 
the series of approximately concentric racial zones—and for reasons 
already given represent the latest development of the human race. 
Man has evolved in the common cradleland of most of the mammals— 
the heart of Eurasia—owing to the fact that the climatic stimulus 
right through later Tertiary times has been the most favorable for 
producing mammalian evolution. It does not seem to occur to most 
anthropologists that the cradleland of the higher mammals would a 
priori be the most likely place for the highest type of all (man) to 
originate and to continue evolving. 


X. CHANGES IN CLASSIFICATION 


A glance at Fig. 5 will show how the writer’s Zones and Strata 
Classification differs from the more orthodox form, which is usually 
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Fic. 5. COMPARATIVE OUTLINES OF RACIAL CLASSIFICATIONS, SHOWING THE 
Matn CritrertrA Apoprep By KEANE AND Happon, RoLtanp Drxon 
AND THE PRESENT WRITER. 


like that used by Keane and Haddon. The preceding discussion has 
shown that a major feature in the differentiation of races is their 
migration away from the centre of Eurasia, in effect, it is centrifugal. 
The racial history (as based on the zones and strata) is a very import- 
ant feature in the classification, but head index, hair and other features 
are made use of as criteria also. As a result we obtain five races, of 
which Negro, Mediterranean and Alpine are the most significant, while 
Negrito and Australoid are less so. 

In Fig. 5 the five major races in the writer’s classification are shown 
by the numerals. These are repeated in the two lower classifications. 
The broken lines show the major changes necessary to bring thé latter 
into approximate agreement with the Zones and Strata Classification. 
In Fig. 6 the development of twin (or paired) habitats due to the 
thrusts outward from Asia is charted as a Racial Tree. 

In Keane and Haddon’s Classification we find still persisting the 
Caucasian, Mongol and Negro groups of Cuvier. Hair is used as 
the major criterion. Head Index is given no weight at all, for Mongols 
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and Amerinds are linked, as are Mediterranean and Alpine. These 
schemes do not explain why so many of the Polynesians and Amerinds 
should much more closely resemble the distant Western European 
peoples than the nearer Mongol-Alpines. Nor do Keane and his sup- 
porters state why the Caucasians should only reach eastward to Central 
Asia, the great breeding ground of peoples, and there change into a 
group apparently different enough to be considered a new race. 
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Fic. 6. Tue Ractat “Tree” SHowING THE RELATIONS OF THE FIVE 
Races. The “twin distribution” is most striking, and indicates a 
common cradleland for all the races. The Negritoes evolved from a 
non-Neandertal type, the negroes and the other races from a 
Neandertaloid. The figures are head indices. (From Atlas of Environ- 
ment and Race, 1933). 


Dixon (1923) has discarded many of the earlier concepts and 
developed a scheme (based on head and nose indices) which in many 
ways corroborates the writer’s deductions (Fig. 5). Indeed, he goes 
further, for he finds the major racial groups penetrating by centri- 
fugal movement into all the continents. But his linking of the earliest 
or negrito stock with the latest Alpine stock seems to the writer to 
be contrary to all the evidence. Moreover, he, like most other anthro- 
pologists (excluding Ripley), perhaps does not lay enough stress 
on environmental factors in determining migrations. In fact, he is 
not much concerned with causes. The writer knows of no recent 
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anthropologist but himself who has applied the lessons of ecology and 
of mammalian biology to the question of the differentiation of man—the 
greatest of the mammals. 
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THE RELATIONSHIP BETWEEN BODILY AND 
GASTRIC ACTIVITY OF NEWBORN INFANTS 


I. CORRELATION AND INFLUENCE OF 
TIME SINCE FEEDING 
BY T. W. RICHARDS 


Iowa Child Welfare Research Station, State University of Iowa, 
Iowa City, Iowa 














1 UDIES of general bodily activity of newborn infants by 
| Szymanski (9), Irwin (4, 5), and others have shown that 
ij infants are least active just after meal periods, and that the 


tritional state of the organism is closely related to its general activity. 
The physiology of this relationship is not clear, however. 


In a review of the literature (8) the author has attempted to cover the several 
possibilities involved, notably the theory of Irwin (4, 5) that the increase in 
activity is due in large part directly to the powerful contractions of the stomach 
associated with “hunger.” These gastric phenomena have received much attention 
from physiologists since the original work of Cannon (1) and of Carlson (2). 
Patterson (6) has studied genetic factors in the gastric motor mechanism in dogs; 
Carlson and Ginsburg (3), Rood Taylor (10), and Peiper and Isbert (7) have 
investigated gastric motor phenomena in human infants. In 1922 Wada (11) 
reported an experimental study of the relationship between hunger and activities 
in human adults, infants, and rats. She concluded that most bodily activity in her 
adult human subjects occurred during gastric activity, least occurring during 
gastric quiescence. This was true during waking, and more pronounced during 
sleep. This conclusion regarding infants and rats, however, was not warranted by 
her data, since no measurement of gastric activity was made. 


Although the possibility of correlation between gastric motor phe- 
nomena and general bodily activity in infants has been exploited 
theoretically, there has not been experimental investigation of the 
problem. 
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It is the purpose of these experiments to elucidate the possibility 
of the relationship between gastric and general bodily motor activity 
in newborn infants, with the aim of indicating causal relationships. 
The material will be reported in two sections: (1) general nature of 
bodily and gastric activity and the relationship between them, and (2) 
the effect of time since feeding and of long-continued light stimulation 
on bodily and gastric activity. 


METHOD OF EXPERIMENT 


Newborn infants, during the first ten days of life, were used in 
all experiments. The nature of the groups will be discussed in 
connection with each experiment. 

Bodily activity was measured by means of an adaptation of the 
stabilimeter used in the Ohio State and Iowa laboratories. This adap- 
tation provided for an electrical rather than mechanical transmission 
of movements of a small bed to a polygraph. The unit of measure- 
ment obtained was number of seconds active in any given period. A 
constant speed motor furnished records at a speed of 8 3/8 inches per 
minute, a speed considerably greater than that used in practically all 
experiments with gastric motility. 

Two criteria were used for determination of sleeping, waking, and 
crying: observation by the experimenter and checking by examination 
of the records of breathing. Breathing during sleep was unique in 
its regularity (See Figure 1, A, B, C, and D), as was crying (Figure 1, 
E). If eyes were closed and the infant was quiet, the state was re- 
garded as sleeping. Crying was judged by activity associated with 
audible forced expiration. Waking was judged negatively by count- 
ing out sleeping and crying. The greatest difficulty in judgment was 
between sleeping and waking. Any doubtful judgment in this respect 
is included as “sleep” in all calculations if regular breathing was ob- 
served. 

The balloon method of Cannon (1) and of Carlson (2) was used 
to obtain gastric records.2 The balloon was connected with a Marey 


"Infants were made available for experimentation through the kindness of Dr. 
E. D. Plass, Professor of Obstetrics and Gynecology at the State University of 
Iowa, to whom the author expresses his appreciation. 

*The author is indebted to Dr. T. L. Patterson of the Department of Physiology 
of the Wayne University College of Medicine, and to Dr. R. M. Collins of the 
State University of Iowa Department of Obstetrics and Gynecology for suggest- 
ions regarding technique of measurement of gastric motility. 
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tambour. A bromoform manometer was also attached, but not between 
the balloon and tambour. A pressure of 2 cm. bromoform was found 
best suited for the records desired, although because of gastric move- 
ments it was not possible to maintain this pressure constantly. Respira- 
tory records were taken with most of the infants, by means of a 
pneumograph, also attached to a Marey tambour. 

Although Carlson and Ginsburg (3) reported little difficulty in 
passing the balloon into the stomach of the infant, several of the infants 
in this experiment could not be induced to swallow it. No effort was 
made to force the balloon in any way. It appeared that most of the 
infant would swallow the balloon with little difficulty if patience was 
used by the experimenter in presenting it. 

Excepting when the intensity of light was varied, as will be in- 
dicated, the infant lay on the stabilimeter within a Pratt experimental 
cabinet under fairly standard controlled conditions. The cabinet 
was relatively sound proof, and was kept at a temperature of about 
86° to 88°F. A light of 15 watts was used in the cabinet, of 
the intensity of 2.5 foot candles at the infant’s head (measured by 
Weston Lightmeter). 

Since the infant was entirely unrestrained, excepting slightly, per- 
haps, by the pneumograph bag over the upper abdomen and by its 
shirt (most infants wore only a diaper), parts of the gastric record are 
confused by the mechanical effect on the balloon of bodily movements. 
It is possible, of course, that these bodily movements result from 
gastric activity in some cases. The pneumographic record served as 
a check on the mechanical factor involved, in that increase in thoracic 
pressure due to breathing and diaphragmatic action increases the ab- 
dominal pressure and thus the pressure within the balloon system. 
Where irregularities in the stomach curve corresponded with irregu- 
larities in the breathing curve, it was fair to assume that the gastric 
pressure was respiratory in origin. Usually, as we hope to show, 
this type of record almost always showed bodily activity also to occur. 
In all cases, unless regurgitory, the record was one of crying or the 
Moro Umklammerungs reflex or body startle. 

Records were judged, after some trial of methods, as showing (1) 
gastric quiescence, (2) peristalsis, or (3) gastric hyperactivity. This 
last term is not, perhaps, entirely suitable because under this heading 
is included the phenomenon mentioned above: changes in the gastric 
record accompanied by changes in the breathing record,—regurgi- 
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tory crying movements and Moro Umklammerungs responses. Fig- 
ure 1, A, B, C, E, and F will illustrate each of these types of 
activity. Gastric records of crying differ markedly from all others, 
as illustrated in Figure 1, E. Figure 1, D offers a comparison 
of gastric activity measured by the fast-moving polygraph used through- 
out the experiment and the simultaneous record taken on a kymograph. 
This was done to show the similarity between our records of “peris- 
talsis” and those of “hunger contractions” obtained by the other workers 


in the field of infant gastric activity. 


TABLE 1. 


Gastric and Bodily Activity of Two Groups of Newborn Infants 


During the Third Hour Following Feeding 

















Medium Bright 
(11 Boys) (8 Boys) 
MEASURE CONDITION (6 Girls) (5 Girls) 
Stand- Stand- 
Mean ard De- Mean ard De- 
viation viation 
Percent 
Gastric Quiescent ....... 37-3 19.5 21.7 12.4 
Activity Peristaltic....... 41.0 21.0 49.7 Ir.9 
Hyperactivity.... 21.7 14.2 28.6 8.7 
Quiescent ....... 4 6 I 2 
Bodily Peristaltic....... 6 8 3 r 
Activity Hyperactivity.... 16.7 9.0 10.5 5.9 
EE 0 -euns 6.0 7.5 3.0 2.4 
pO eee 71.8 27.5 81.1 15.9 
Time pe 21.3 24.9 13.6 9.6 
Gs cace seve 6.9 14.6 5.3 9.1 
Pere 2 Pens 58 28 3.0 0.0 
Birth 
Weight, Kilograms ........... 3.6 2 3.2 4 
RESULTS 


In Table 1 are presented the significant data with respect to two 
groups of infants, one of seventeen studied under moderate light (2.5 
ft. candles) and the other thirteen under bright light (22.0 ft. candles), 








372 HUMAN BIOLOGY 


tl 














eee 








7 
= 





eee 
a 


scat nt a al ee, OE ce, et 
O° eM a 
wn UN 


Mh. » Pua S EO nn 








6 
- 
a 


BUM apy 











~ 
Ps 
a na et sets 




















o <= I = <<: 


Fic. 1. Recorps SHowrnc Types or Gastric Activity. In all Polygraph 
records increase in gastric pressure causes downward excursion of gastric line. 
Increase in pneumographic pressure causes upward excursion of respiratory line. 
In kymographic record (D2) increase in pressure of each system causes upward 
movement of line. 


A. Excerpt of record 4 hours, 38.8 minutes after feeding, 12.8 minutes after 
start of record, showing gastric quiescence punctuated by typical Moro reflexes, 
involving respiratory and bodily response, and secondary gastric response probably 
the result of increase of thoracic pressure. Sleep throughout, as incidentally 
shown by regularity of breathing. 
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each starting approximately 2 1/2 hours after feeding and continuing 
for about 41 to 43 minutes until about 3 1/4 hours after feeding. It 
will be seen that for the two groups respectively the stomach is quies- 
cent 37 per cent and 22 per cent of the time, peristalsis occurs 41 per 
cent and 50 per cent of the time, and gastric hyperactivity probably 
due to bodily activity occurs 22 per cent and 29 per cent of the time. 
The standard deviations of these averages show that there is wide 
variation between individuals in the amount of time spent in these 
types of gastric activity. The infants sleep 72 per cent and 81 per 
cent of the time, are awake 21 per cent and 14 per cent of the time, 
and are crying 7 per cent and 5 per cent of the time. During the 
whole period alf the infants average about 6 per cent bodily activity. 
If, however, we calculate the activity for each type of gastric activity 
we find that during gastric quiescence and peristalsis activity is very 
low, in each case less than 1 per cent, while during gastric hyperactivity 
it is as high as 17 per cent and 11 per cent. A calculation of activity 
during crying alone gave an average of 32 per cent and I9 per cent 
of the time active, for the ten infants who cried. 





B. Excerpt of record 2 hours, 51.7 minutes after feeding, 44.7 minutes after 
beginning of record. Sleep throughout. Note increasing amplitude of peristaltic 
waves, gradually assuming proporions of “hunger contractions.” Also note com- 
plete absence of bodily activity. 


C. Excerpt of record 2 hours, 43.2 minutes after feeding, 28 minutes after start 
of record. Sleep throughout. Note great amplitude of peristaltic waves. Definite 
“hunger contractions.” Note absence of activity. 


D1 and D2. Simultaneous records of gastric and respiratory activity, by means 
(D1) of polygraph run at 8 3/8 inches per minute and (D2) kymograph run at 
about one inch per minute. For the kymograph record a sensitive respiratory tam- 
bour and a resistant gastric manometer (bromoform) were purposely used in 
order in the gastric record to partial out breathing variations. The direction of 
pressure in the gastric system unfortunately is opposite in comparing the two 
records. Note in the kymograph record the great similarity of peristalsis to the 
“hunger contractions” noted by other workers. Record taken 2 hours, 36 minutes 
after feeding, three minutes after beginning of record. Infant asleep throughout. 


E. Excerpt of record taken 2 hours, 59 minutes after feeding, 11 minutes after 
beginning of record. Typical crying record. Note here the impossibility of deter- 
mining gastric activity. Note almost continuous bodily activity. 


F. Record taken 5 hours, 45 minutes after feeding, 4 minutes after beginning 
of record. Note single, violent contractions of stomach, each concomitant with 
regurgitory movement. Infant awake. Bodily activity usually accompanied these 
movements, which come in periods, after which the child was usually quiescent. 
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From these results it is apparent that activity is low for newborn 
infants both when the stomach is quiescent and when peristalsis is in 
progress. This is true even when the peristalsis assumes the character 
of “hunger contractions.” Although it is not definitely indicated in 
the results, it appears that the major portion of bodily activity occurs 
as consisting of almost unitary body startles somewhat spontaneous 
in character, or as of continued periods of activity as characterized by 
crying, etc. Regurgitation caused bodily activity in most cases. The 
organic cause of each of these types of activity is little understood. 
Slow movements associated with what has been termed “restlessness” 
may occur at any time, and contribute toward the slight activity pres- 
ent during gastric quiescence or peristalsis on the one hand and sleep 
on the other. 

Correlations by the method of rank differences were obtained for 
the medium light and bright light groups. These correlations should 
be interpreted with caution since they were obtained on data from few 
cases in each group. They are, however, of sufficient reliability to be 
suggestive. For each group the correlations between the various sig- 
nificant factors appear below: 


marueee MEDIUM BRIGHT 

LIGHT LIGHT 
Bodily activity and per cent peristalsis............. +.08+.16 —.64+.12 
Bodily activity and per cent gastric hyperactivity.... +.74=.11 +.12+.19 
Per cent sleep and per cent peristalsis.............. —.0I+.17 +.49+.15 
Per cent sleep and per cent gastric hyperactivity.... —.64+.12 —.60+.13 
Bodily activity and per cent sleep................. —.79+.07 —.46.15 


These coefficients bear out the same conclusions: that bodily activity 
is predominantly absent during peristalsis and gastric quiescence, as 
well as sleep, and is characterized by definite changes in gastric pres- 
sure as the result of regurgitory movements, or of sudden respiratory 
movements associated with the body startle or with crying. For these 
types of general activity no organic etiology can as yet be posited. 


AGE RELATIONSHIPS 


A correlation by the method of rank differences between age and 
bodily and gastric activity, on the group of seventeen infants under 
medium light, gave the following coefficients : 

Peristalsis and age ............. —.07+.18 


Gastric hyperactivity and age.... +.06+.17 
Age and bodily activity ......... +.532.12 
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These would indicate that there is, within the age range of the 
first ten days of life, no relationship between age and bodily or gas- 
tric activity. The results for one male infant, studied during the third 
hour after feeding, at two, six, and eight days of age, are as follows: 


GASTRIC BODILY 
AGE, PERIS- HYPER- ACTIV- SLEEP, 
DAYS TALSIS ACTIVITY ITY MINUTES 
2 48.4 26.7 58 58.7 
6 76.9 ILI 2.9 51.3 
8 37.0 9.5 18 100.0 
Range 39.9 17.2 4.0 41.3 
Average 41.0 21.7 6.0 718 
Group 
Average 21.0 14.2 7.5 27.5 


No definite age trend for this individual can be noted except that 
in bodily activity it was slightly more variable than the group as a whole, 
if its range is compared with the standard deviation of the group. The 
increase in amount of sleeping is probably of no significance, though 
it is possible that the infant may have become adapted to the cabinet 
and general experimental set-up. 


DIFFERENCES BETWEEN SEXES AND TYPES OF FEEDING 


Male infants were found to be slightly more active and to give 
slightly more gastric hyperactivity than female infants, but the dif- 
ferences were not sufficiently large to be significant. No differences 
were found between sexes in amount of peristalsis, or in amount of 
sleep. 

In the second series (bright light) three infants who received 
artifical feeding supplementarily to breast feeding showed, when com- 
pared with the remaining breast-fed infants of that group, slightly less 
peristalsis and sleep, and more bodily activity and gastric hyperactivity. 
Differences were not sizable, however. Two infants in the first series 
(medium light) differed from the averages of the remaining breast- 
fed infants in their group in opposite ways. One gave no peristalsis, 
and very little gastric hyperactivity and bodily activity. The stomach 
was quiescent almost the entire period, while the infant slept 87 per cent 
of the time. The other infant was very little more active than the 
wholly breast-fed infants of his group, and thus out of keeping with 
the other breast-fed and bottle-fed infants. Peristalsis occurred for 
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a greater period, although like the other partly bottle-fed infants he 
slept less. 

Coefficients of correlation by the method of rank differences be- 
tween birth weight and peristalsis, and gastric hyperactivity and bodily 
activity were low. When age was held constant, as in the bright light 
series composed only of three-day-old infants, there was a slight posi- 
tive relationship between amount of peristalsis and birth weight 
(r = +.32+.17), and a slight negative relationship between body 
weight and gastric hyperactivity (r = —.48+.15). No relationship 
between bodily activity and birth weight was found, thus in agreement 
with the findings of Irwin.* Strangely enough, if age is not held con- 
stant, as in the medium light group, the amount of peristalsis varies 
negatively with birth weight. Yet, we have seen that there is no 
relationship between age and peristalsis. 


EFFECT OF THE GASTRIC BALLOON 


Control groups of infants were studied for comparison with ex- 
perimental groups for two reasons: (1) in order to determine whether 
or not the increase in activity during the time since feeding was com- 
mon to these infants as it was to the infants used by Irwin (4, 5) and, 
(2) to determine whether or not the presence of the balloon in the 
stomach of the infants might affect the degree of bodily activity 
exhibited. 

For these reasons, two control groups were used each under medium 
light. The first was a group of fifteen infants studied immediately 
after feeding, the second a group of sixteen at about the same time 
after feeding as that at which the experimental group was studied: 
namely, two and one-half hours. Activity records and time spent in 
sleeping and waking were noted. Results comparing the activity and 
amount of sleep of each group were as follows: 


TIME NUMBER PER PER 
AFTER OF IN- CENT CENT ACTIV- 
FEEDING FANTS SLEEP CRY ITY 


Control First hour 15 77.5 5.9 2.4 
Control Third hour 16 48.1 22.2 15.7 
Experimental Third hour 17 718 6.9 6.0 


*Irwin, Orvis C.: The relation of bodily motility to some physical traits. 
. Exper. Educ., 1932-1933, 1, 140-143. 
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An analysis of these data statistically showed that the third hour 
control group was significantly more active than the first hour control, 
and that it slept significantly less and cried more. In this respect they 
are similar to Irwin’s (4, 5) infants. On the other hand, the experi- 
mental infants, with the gastric balloon, did not differ significantly 
from the first hour control group in any way. They were, further, 
very similar to the just-fed infants in sleeping more, crying less, and 
moving less than the third hour control group. 

One cannot avoid concluding generally, therefore, that infants with 
the gastric balloon are less active than those without the balloon. For 
this, three explanations are possible. First, the experimental infants 
may show the result of fatigue consequent to passing the balloon, which 
in some cases required a fairly long period of constant stimulation to 
the regurgitory reflexogenous zone in the back of the throat. That 
this explanation does not wholly suffice is shown by the fact that in- 
fants in the last hour control group who had had the balloon offered 
to them equally as arduously were equally as active as the whole 
control group, as the following data will show: 


NUMBER PER 
OF IN- CENT 
SLEEP 


THIRD HOUR 
CONTROL INTANTS 


Whole group 48.1 15.7 
Tried balloon 46.1 20.8 13.1 


Secondly, it might be argued that the infants who finally accepted 
the balloon did so because they were peculiarly less irritable and more 
prone to sleep, etc., than were the infants who refused it entirely. 
This may, indeed, be possible, but such violent activity was shown by 
certain of the infants in the gastric series that they, at least, must be 
exceptions to this possibility. Finally, the slightly distended balloon may 
have an inhibitory effect on bodily activity. That this may be the case 
is suggested from the similarity of results for bodily activity and for 
sleeping in the experimental and just-fed groups. It is entirely pos- 
sible that the slight pressure within the balloon required for satisfactory 
records of gastric activity may be in the nature of the pressure coin- 
cident with food in the stomach, and that this pressure in each case 
actually inhibits bodily activity, waking, and crying. 

In this connection it is interesting to recall that in the literature 
on stomach contractions observers have frequently noted that after 
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insertion of the balloon the animal quieted down and went to sleep 
(6, 3). 


TIME SINCE FEEDING 


In order to study the effect of “hunger” on both bodily and gastric 
activity in newborn infants, comparisons were made between a just-fed 
control group and several infants grouped according to the time since 
feeding at which they were studied. Arrangements were made at the 
hospital for a group of five infants to miss one feeding of the four 
hour schedule, so that seven and one-half hours elapsed before the 
next feeding. These infants were studied at the times listed below: 


PERIOD (MINUTES) 


GROUP NUM- AGE, STARTING LENGTH MEDIAN 
BER DAYS TIME TIME 

GEE vacccswe 15 4.0 000.0 30.2 000.0 
eee” Bewessc 17 58 124.0 40.9 144.5 
ee ae I 7.0 256.0 76.0 204.0 
Series III...... 2 7.0 341.5 32.0 357.5 
a 5 7.0 378.5 57.1 407.0 


*No gastric balloon in this group. 


For the sake of convenience in designating the groups we shall 
call them the first, third, fifth, sixth, and seventh hour groups. 

Below appear the data for amount of peristalsis, gastric hyperactivity, 
bodily activity, and sleep for each of the groups. It should be kept 
in mind that the fifth and sixth hour groups are composed of one and 
two infants respectively; hence they give only a rough indication of 
what might be expected of a larger group. 


PER PER CENT 
Sr seven CENT GASTRIC BODILY PER 

PERI- HYPER- ACTIV- CENT 
STALSIS ACTIVITY ITY SLEEP 
a 00.0 00.0 2.4 97.5 
I a a canes 41.0 21.7 6.0 71.8 
Re ee 28.4 17.1 2.4 96.9 
TE Shs bacon cucus 58.8 22.0 1.9 95.0 
Seventh hour .......... 71.1 22.3 2.5 85.1 


Statistical analysis of the differences between these groups showed 
a slightly significant increase in bodily activity in the third over the 
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first hour, but that bodily activity is as low in the seventh hour as in 
the first. Sleep is somewhat greater in the seventh hour than in the 
first or third. Hyperactivity of the stomach associated with respira- 
tory changes remains practically constant over the whole period. The 
most significant change over the seven hour period is in amount of 
time peristalsis occurs in the stomach. It appears to increase from 
41 per cent at the third hour to 71 per cent in the seventh hour. This 
corresponds with the findings of Carlson, et al., that periods of “hunger 
contractions” increase in frequency (and, we noted, in strength), as 
time elapses since feeding. They appear increasingly to stimulate the 
contractions obtained by earlier workers during fasting. On the other 
hand, the infants in this study at no time showed “practically continu- 
ous” gastric activity, as young animals have been described to exhibit 
by other workers (6, 3). 


CONCLUSIONS 


From this phase of the study we may conclude that 

1. Gastric activity of peristaltic type increases definitely with time 
since feeding. 

2. Bodily activity appears to increase similarly, but this increase 
is not apparent when the gastric balloon is inserted. This phenomenon 
may be the result of an inhibitory effect of the balloon and its pressure 
within the stomach. It is possible that the mild pressure used in this 
experiment may be somewhat similar to that exerted by a meal and 
thus quieting to the infant. A parallel to the inhibition of bodily ac- 
tivity by the balloon is not apparent, however, so far as gastric activity 
is concerned, for the increment in peristaltic activity occurs when the 
balloon is present. 

3. Though there are wide differences between infants and in the 
individual infant on different days in gastric and bodily activity, these 
differences do not appear referable to age, sex, type of feeding or 
physical status as indicated by birth weight. 

4. The increased activity shown by the infant who is hungry is 
not referable to stimuli arising from the motor activity of the stomach. 
During the type of gastric activity characteristic of the hungry infant— 
strong peristalsis—there is no more bodily activity than during gas- 
tric quiescence. 
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Probably both the increasing peristalsis and the increasing bodily 
activity of hunger are responses (the former relatively specific, the 
latter general) to stimuli concomitant with changes in the blood stream. 

It is definitely shown, however, that whereas the empty stomach 
seems not to facilitate bodily activity, the slightly distended stomach 
inhibits it. 
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THE RELATIONSHIP BETWEEN BODILY AND 
GASTRIC ACTIVITY OF NEWBORN INFANTS 


II. SIMULTANEOUS VARIATIONS IN THE BODILY 
AND GASTRIC ACTIVITY OF NEWBORN INFANTS 
UNDER LONG-CONTINUED LIGHT STIMULATION 

BY T. W. RICHARDS 


Iowa Child Welfare Research Station, State University of Iowa, 
Iowa City, Iowa 





) HAS been shown in an earlier report (7) that bodily 
activity of newborn infants increases definitely with time 
\ since feeding, as Irwin had found earlier (2) (3), and 


F 
t 


=) that the phenomenon of gastric peristalsis increases like- 
wise, as Carlson and Ginsburg (1), Rood Taylor (8), Peiper and 
Isbert (5) have shown. However, when the gastric balloon was used 


to study the simultaneity of these increments, it was found that the 
presence of the balloon resulted in such a lowering of activity that the 
infant several hours after feeding with the balloon in its stomach was 
more like a just-fed infant than like a hungry one. Bodily activity 
during the periods of gastric peristalsis or hunger contractions was no 
greater than during gastric quiescence, and the amount of time spent 
in “spontaneous” activity was about the same at any time since feeding 
if the gastric balloon was present. 


Weiss (10) showed that the bodily activity of infants was inhibited by long- 
continued light stimulation roughly in inverse proportion to the intensity of light. 
Patterson (4) found that the gastric activity of bull-frogs was inhibited by crude 
increases of light. This was not true for sound stimulation. 


On the basis of these facts, it was felt that a demonstration of 
whether or not light was thus inhibitory to gastric as well as to bodily 
activity might shed light on any causal relationship that might exist be- 
tween bodily and gastric activity. The literature regarding this prob- 
lem has been reviewed elsewhere in some detail by the author (6). 
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For comparison of groups under different intensities of light, pri- 
marily two groups were used, one of seventeen infants under the light 
of a 15 watt bulb, with an intensity of 2.5 foot candles at the infant’s 
head, the “medium light” group, and the other of thirteen infants 
under the light of a 100 watt bulb, with an intensity at the infant’s 
head of 22.5 foot candles. Calibrations of intensity were made by 
means of a Weston lightmeter. The infants in each group were new- 
borns, studied during the lying-in period. Technique for measurement 
and calculation of bodily and gastric activity has been described in 
the preceding paper. Age, sex, weight, gastric and bodily activity, 
and sleep and crying of each group are presented in Table 1. In 
Table 1 are presented also the data for a group under dark. This 


TABLE 1 


Age, Sex, Weight, Gastric and Bodily Activity, 
Sleep and Crying of Each Group 





FOOT CANDLES 





2.5 22.0 DARK 
(11 Boys) (8 Boys) (4 Boys) 
(6 Girls) (5 Girls) (2 Girls) 
Stand- Stand- Stand- 
Mean ard De- Mean ard De- Mean ard De- 
viation viation viation 








Age, Days ; 2.8 3.0 0.0 3.0 
Median Time After Feeding... con an eek 5 te 
( Minutes) 
Per Cent 
Peristalsis i 49.7 
Gastric Hyperactivity * 28.6 
Bodily Activity . A 3.0 
Sleep t ; 81.1 
Body Weight q d 3.2 





group was obtained by removing all light from the cabinet directly 
after the bright light experiment in the case of six infants, and for 
from four to twelve minutes. Hence, it is not a strictly comparable 
group, since the first portion of the dark period would naturally involve 
factors of dark adaptation, etc. 
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BRIGHT AND MEDIUM LIGHT GROUPS 


Statistical analysis of differences between the averages in amounts 
of peristalsis, gastric hyperactivity, bodily activity, and sleep shows 
that the bright light group does not differ markedly from the medium 
light group in any particular. There is a tendency, however, for the 
bright light group to be less active, to show slightly more hyperactivity 
of the stomach associated with changes in respiratory pressure, more 
peristalsis, and more sleep. These last three increases, associated as 
they are with decreased bodily activity, would appear in some measure 
to indicate an inhibitory effect of light. \We have shown in an earlier 
paper that peristalsis—even that characterizing the “hunger contrac- 
tions” of Carlson, et al.,—is associated with lowered bodily activity 
and increased sleep. The increase in gastric hyperactivity under in- 
creased light, paralleling the decrease in crying, is difficult of explana- 
tion. Regurgitation is infrequent in sleep, and crying is slight in the 
bright light group. The increase in gastric hyperactivity may be the 
result of an increase in body startles, or Moro Umklammerungs re- 
flexes, which may be more frequent in sleep and in the semi-sleeping 
state. It is believed that increasing the number of cases in each of the 
bright and medium light groups would enhance the statistical reliability 
of the differences pointed out, thus bringing the groups in closer cor- 
respondence to the larger ones studied by Weiss (10). 


THE DARK GROUP 


In considering differences in activity between the light groups on 
the one hand and the dark group on the other, three facts should be 
kept in mind. First, the dark group is small, consisting of but six 
infants, in the case of each of whom only from four to twelve minutes 
were used for experiment. These infants were studied at a later period 
than either of the light groups. Further, they were studied following 
the bright light period, which has been shown to be rather more in- 
hibitory than the medium light period. Lastly, the factor of adaption 
to dark after bright light is a complication of unknown importance. 
In this group there is more peristalsis, less gastric hyperactivity, and 
less bodily activity than in the medium light group, and less gastric 
hyperactivity and more peristalsis than in the bright light group. Bodily 
activity in both dark and bright light seems to be about the same. 
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These findings, tenuous as they are since based on such a small 
sampling of dark material, show definitely that infants who have been 
under a bright light, and quieted thereby, do not become increasingly 
active when the light is removed. Indeed, immediate responses to the 
removal of light, in the form of stabilimeter oscillation, occurred in 
but one of the six cases. We have shown earlier that the gastric balloon 
appears to have an inhibiting effect on bodily activity. It is possible 
that this factor plus the bright light may induce an inhibition which 
is sufficiently great to preclude the normal facilitatory effect of darkness 
which Weiss (10) demonstrated in a larger group of infants. 

A further investigation of the relationship between bodily activity 
of infants under bright light and dark is shown in the tabulation fol- 
lowing. Here are presented the activity in the eight to twelve minutes 
preceding dark, in the four to twelve minutes of dark, and in one 
minute of bright light following dark, for each of the six infants studied. 


BRIGHT DARK BRIGHT 
LIGHT FIRST REMAIN- LIGHT 
(8+ MIN- FOUR ING TIME (1 MIN- 
UTES) MINUTES (4+ MINUTES) UTE) 


2.3 08 ee 0.0 
0.0 0.0 0.0 0.0 


It 0.4 1.3 1.7 
0.0 0.0 eee 0.0 
0.0 0.0 0.0 3.8 
5.2 16.7 10.4 13.8 
Means 1.4 3.0 2.9 3.2 


It will be seen from the above that three infants inactive under 
the bright light showed no change when the light was removed; 
two infants slightly active (1 and 3) were even less active under dark; 
one infant, the most active of the group under bright light, was more 
active under dark. The increment in activity in the case of this in- 
fant was sufficient to raise the average of the group, so that the six 
averaged show an increase in activity as the result of removal of the 
bright light. However, as a whole the group is not more active in the 
dark, and thus does not show the tendency demonstrated by Weiss (10) 
for dark to induce greater activity . The number of cases is too few, 
however, to draw any conclusions. It is also possible that only active 
infants show the inhibitory effect of light. We notice with respect to 
the minute of light following darkness that in only one case is there 
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a decrease in activity. In two cases there is no change; activity 
remains at zero. In the remaining three cases there is an increase in 
activity over that of the preceding period of dark. These data tend 
to bear out the preceding findings, suggesting that these infants, al- 
though they are inhibited in bodily activity under long-continued bright 
light stimulation, are not thus inhibited immediately after a period of 
dark, and correspondingly are not greatly stimulated to activity im- 
mediately when bright light is removed and they are left in darkness. 

Rank difference correlations for each group between factors of 
gastric and bodily activity were obtained as follows: 


— BRIGHT MEDIUM 
LIGHT LIGHT DARK 

Bodily activity and per cent 

PND ancecnsdensone —.642.12 +.08+.16 —.84+.08 
Bodily activity and per cent 

gastric hyperactivity .... +.12%.19 +.744.11 +.95+.03 
Per cent sleep and per cent 

eee +.492%.15 —vG@GSEIF ct ccences 
Per cent sleep and per cent 

gastric hyperactivity .... —.60+.13 ee. eT rrtrr ee 
Bodily activity and per cent 

SE  ddnws scseensuesaas —.4624.15 ae eS oetewees 


Thus, bodily activity and sleep appear to vary inversely; peristalsis 
seems somewhat related to sleep, though only in the bright light group, 
where both are most frequent. The gastric hyperactivity associated with 
breathing appears somewhat to vary indirectly with the amount of sleep, 
and of course quite directly with bodily activity. 


CONCLUSIONS 


From this section of the study the following conclusions may be 
drawn: 

1. Newborn infants under long-continued light stimulation of 
22.0 foot candles were suggestively less active bodily than infants under 
2.5 foot candles. 

2. Infants under the more intense light cried less and slept more 
than those under the moderate light. 

3. Infants under the more intense light demonstrated slightly 
more gastric peristalsis and gastric activity associated with breathing 
changes than those under the moderate light. 
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4. A few infants in dark after bright light, perhaps because of the 
quiescence engendered by the bright light, remained less active than 
infants under moderate light. Gastric peristalsis was more frequent in 
this group. This may be due to the fact that they were studied at a 
period later after feeding than either of the other groups. 

5. Although there appears to be a relationship between gastric 
activity and bodily motility, and each appears to be similarly affected 
by a third factor—in this case light stimulation—,gastric activity may 
not be regarded as the excitant to bodily activity. 

It is likely that in hunger gastric activity is a specific reaction and 
bodily activity a general reaction to the general nutritional state of the 
organism as expressed, perhaps, by constituents of the blood. 
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THE METABOLISM OF ALCOHOL IN MAN 
AT HIGH ALTITUDES' 


BY R. A. McFARLAND AND W. H. FORBES 


From the Department of Psychology, Columbia University, New York, 
and the Fatigue Laboratory, Harvard University, 
Boston, Massachusetts 








ESE experiments are concerned with comparing the effects 
i) Of alcohol at high altitude with those at sea level. Varia- 
=|) tions of the concentration of alcohol in the blood at different 
ti =| altitudes, after the ingestion of a given quantity, may, when 
considered in connection with the O, and CO, tensions, the pH and 
lactic acid, throw further light on the metabolism of alcohol. 


Himwich (7) has reviewed the evidence relative to the elimination of alcohol 
from the body and to the variables which influence the rate of oxidation. Only 
a small per cent is eliminated through the lungs, kidneys and skin. Starling (17) 
estimates that when small amounts are taken approximately 2 per cent is so ex- 
creted, never more than 10 per cent. For the most part alcohol disappears from 
the blood after absorption by oxidation in the tissues and supplies a limited amount 
of energy, but according to Himwich (7) alcohol is apparently oxidized at the 
same rate whatever the concentration. Durig (6) found the use of alcohol as a 
source of muscular energy physiologically unsound in mountain climbing at high 
altitudes. Carpenter (4, 5) believes that the disappearance of alcohol is accounted 


*From the International High Altitude Expedition to Chile. The Expedition 
was supported by grants from the Fatigue Laboratory and the Milton Fund, 
Harvard; Duke University; Copenhagen University; King’s College, Cambridge 
University; Columbia University; the National Research Council; the Royal 
Society, London ; the Corn Industries Research Foundation; the Rask-@rsted Fund, 
Copenhagen ; the Josiah Macy Foundation; and the American Association for the 
Advancement of Science. We are also much indebted to the Chile Exploration 
Company and to its officers in New York and in Chile, to Dr. H. L. Crane, Chief 
Surgeon of the Cerro de Pasco Copper Company in Peru, to Sefiores Hipolito and 
Juan Carrasco of the S.I.A.M. Carrasco, to Messrs. Packard and Bell of the 
Poderosa Mining Company, to the Ferro-Carril de Antofagasta a Bolivia, and to 
the many people, both officials and private citizens, who facilitated our work in 
Chile. 
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for in terms of heat and not in energy for bodily use. In exercise experiments 
he found that the amount of work had no significant effect on the rate of oxidation 
as determined by the respiratory exchange and the amount of alcohol in the 
expired air, urine and blood. Voltz and Baudrexel (18), however, reported that 
the rate of alcohol excretion is increased by exercise, which they attribute in part 
to the increased respiratory exchange during exercise. 

After Henderson and Haggard demonstrated that carbon dioxide caused a more 
rapid de-etherization after narcosis, Hunter and Mudd (10) reported that patients 
in alcoholic coma were improved, in some cases to the state of mental clarity, fol- 
lowing the inhalation of 7-10 per cent carbon dioxide for one half hour. They 
attributed this effect to the more rapid elimination of the alcohol associated with 
the increased pulmonary ventilation. 

Barcroft and Haldane have mentioned the similarity of symptoms in oxygen 
want and alcoholic intoxication. McFarland (12) has discussed this relationship 
in reporting the psychological reactions associated with anoxemia. Palthe (14) 
was so impressed by these similarities that he attempted to relieve the effects of 
alcohol by the inhalation of increased percentages of oxygen. The loss of control 
of postural reflexes in rabbits, due to large doses of alcohol, was improved by 
inhaling pure oxygen. Delirium tremens patients were benefited by the adminis- 
tration of oxygen (with or without 5 per cent CO;) and normal subjects improved 
in psychological tests. Palthe attributed the effect of the oxygen in alcoholics to 
its counteracting the reduction of the metabolism of the tissue cells produced by 
alcohol, rather than to a lowering concentration of blood alcohol since the alcoholic 
symptoms reappeared if the oxygen mask was removed too soon. If alcohol im- 
pairs oxidation in the tissues, Peters and Van Slyke (15) may be justified in class- 
ifying alcohol with other narcotics as producing a form of histotoxic anoxemia. 

Himwich (7) has shown that there is an increase in lactic acid following the 
ingestion of alcohol. Recently McFarland and Barach (13) have reported that 
the concentrations of alcohol and of lactic acid in the blood were lowered by 
breathing gas mixtures of 50 per cent oxygen and 2 per cent carbon dioxide and 
that there was a significant improvement in reacting to psychological tests. Hill 
(9) states that if oxygen is inhaled during severe exertion there is a greater 
saturation of coronary blood and consequently greater cardiac activity and in- 
creased efficiency. In an inquiry as to whether alcohol caused tissue anoxemia 
Barach (1) tested the response of human subjects to a standard exercise in air 
and in high percentages of oxygen, with and without alcohol. He found that 
breathing 50 per cent Os produced a greater percentage decline in respiration rate 
and ventilation in subjects who had ingested alcohol than in those who had not. 

It is frequently remarked among the inhabitants of high altitudes that alcohol 
has a greater effect there than at sea level. This is a common observation of well- 
informed residents of the mining camps in the Andes. Dr. H. L. Crane, the chief 
surgeon of the Cerro de Pasco Copper Company in Peru, for example, believes 
that one’s tolerance for alcohol is decreased above 12,000 ft. and especially that 
“hangover” effects from the ingestion of alcohol are greater on the following 
day. In high altitude flying pilots have frequently reported the greater effect of 
small amounts of alcohol than at sea level. These subjective reports are of limited 
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value, however, unless substantiated by experimental evidence obtained by follow- 
ing the course of alcohol in the blood in the same persons at sea level and at high 
altitudes. 

Biehler (2) followed the course of alcohol in the blood of rabbits at sea level, 
1,500 meters and at 2,500 meters after the administration of doses varying from 
0.9 to 3 cc. of absolute alcohol per kilo of body weight. He found that for a given 
dosage the concentration of alcohol in the blood reached its maximum more slowly 
and attains a maximum of lower value as the altitude is increased. Biehler ascribes 
this effect to the increased breathing occurring at high altitudes and actually ob- 
served that the amount of alcohol escaping in the breath increased from 3 to 10 
per cent when the altitude was changed from sea level to 2,500 meters. 

On the other hand, Bornstein and Loewy (3) have reported experiments on 
blood alcohol in human subjects in which they found that the concentration rose 
more rapidly and to a higher level at high altitudes than at sea level. They noticed, 
however, that after the maximum concentration was reached, the loss of alcohol 
from the blood proceeded at the same rate at high or low altitudes. The curves 
were strikingly similar for all of the three subjects tested. The doses consisted of 
25-30 grams of absolute alcohol diluted to a total volume of 100 cc. They found 
that the volume as well as the frequency of respiration was but little affected by 
the alcohol either at sea level or at high altitudes. The R. Q., however, was reg- 
ularly lower in the mountains than in the lowland and after the consumption of 
alcohol it fell in both, but fell more in the mountains. Under none of the conditions 
did alcohol exert any specific dynamic action, except when sugar was given together 
with the alcohol. 

Bornstein and Loewy attribute the fact that their findings were contrary to 
those of Biehler to the differences between men and rabbits in the rate of absorp- 
tion of alcohol from the stomach and intestines. All of their experiments were 
carried out on an empty stomach, while in the case of rabbits the stomach may 
not be empty even after a day of fasting. Loewy later published a resumé of this 
work together with a short discussion of the effects of ether, chloroform, ethyl 
bromide, morphine and strichnine at high altitudes (11). 

Reichel (15) studied the effects of alcohol on reaction times in human subjects 
in high altitudes as compared to sea level. He observed that the alcohol had a 
greater effect in the mountains, especially during the first hour. 


THE EXPERIMENTAL PROCEDURE 


In these experiments the two subjects, W. H. F. and R. McF., were 
well acclimatized to high altitudes following a sojourn of over a month 
above 13,000 ft. The samples of blood were taken on July 8th at 
‘Quilcha, barometric pressure 401; altitude 17,500 ft. (5,340 meters), 
just four days after a stay of three days and two nights at Punta, 
barometric pressure 356; altitude 20,140 ft. (6,140 meters). Both 
subjects felt quite normal and were not suffering from the effects of 
mountain sickness. 
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The alcohol was taken under basal conditions in amounts according 
to body weight. W. H. F. took 170 cc. of a fluid consisting of 100 cc, 
of orange juice and 70 cc. or 95 per cent ethyl alcohol. R. McF. took 
230 cc. of a fluid consisting of 130 cc. of orange juice and 100 cc. of 
95 per cent ethyl alcohol. These amounts were approximately equal 
to 0.9 gms. of absolute alcohol per kilo of body weight. Exactly similar 


TABLE 1 


Blood Alcohol Determinations 


Grams of alcohol per roo cc. of blood at various intervals following the 
ingestion of alcohol as indicated, at sea level, and at ’Quilcha: 
barometric pressure 401, feet 17,500, meters 5,340; Oroya: 
barometric pressure 490, feet 12,200, meters 3,700. 





SEA LEVEL "QUILCHA SEA LEVEL OROYA 





Total volume Totalvolume Total volume Total volume 

of 230cc.con- of 230cc.con- of 230cc.con- of 230 cc. con- 

taining 100cc. taining 100cc. taining 100cc. taining 100 cc. 

ethylalcohol  ethylalcohol ethylalcohol ethyl alcohol 
O15 ' O13 


.087 121 078 117 
.120 -I4I -I20 116 
104 161 -107 169 
beh aba 102 .159 

031 088 


Total volume Total volume 
of 170cc.con- of 170 cc. con- 
taining 7occ. taining 70 cc. 
ethylalcohol _ ethyl alcohol 
093 
121 
116 


Weight 82 kg. Dose of alcohol 1.0 gm. per kilo. 
Arterial O; saturation at ’Quilcha without alcohol 
81.6, pH 7.44, resting lactic acid 8.7 


Weight 68 kg. Dose of alcohol 0.8 gm. per kilo. 
Arterial O, saturation at ’Quilcha without alcohol 
79.2, pH 7.43, resting lactic acid 9.2 
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Figure 1. Grams oF ALCOHOL PER 100 cc. oF BLoop FotLowinG INGESTION 
or Atconot. A. Subject McF. sea level and ’Quilcha Barometric Pressure 401. 
17,500 ft. (5,340 meters) altitude; 1.0 gram of alcohol per kilo body weight— 
230 cc. of fluid containing 100 cc. ethyl alcohol. 

B. Subject W. H. F. sea level and ’Quilcha; 0.8 grams per kilo body weight— 
170 cc. of fluid containing 70 cc. of ethyl alcohol. 

C. Subject McF. sea level and Oroya. Barometric pressure 490; 12,200 ft. 
(3,700 meters) altitude. Same drink as A above. 
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TABLE 2 


Audiometer Test 


The auditory threshold obtained by the Method of Limits on a 2A 
Western Electric Audiometer for eight frequencies before and a half- 
hour after the ingestion of various amounts of alcohol at the altitudes 
indicated. The figures represent the intensities expressed in sensation 
units; one sensation unit being equivalent to one decibel. The audio- 
meter is calibrated so that zero on the intensity control dial represents 
the average adult threshold. Positive values indicate decreased sensi- 


tivity. 











R. McF. 


Sea level— 
no alcohol. . 


Sea level— 
alcohol.... 


12,000 ft.— 
no alcohol.. 


12,000 ft.— 
alcohol.... 


17,500 ft.— 
no alcohol.. 


17,500 ft.— 
alcohol.... 
W.H.F. 


Sea level— 
no alcohol.. 


17,500 ft.— 
no alcohol. . -5 


17,500 ft.— 
alcohol.... 5 
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amounts were taken at sea level under basal conditions. The samples 
of venous blood (20 cc.) were taken one-half hour, one hour and 
two hours following the ingestion of the alcohol. The samples of 
blood were preserved, brought back to sea level, and Dr. H. Goldstein 
kindly made the alcohol determinations, all at the same time, using the 
method devised by Gettler (8). Duplicates were run in each case. 
The error of the method is 3-5 per cent. 

The experiment was repeated on R. McF. a month later at Oroya, 
Peru barometric pressure 490; 12,200 ft. (3,700 meters). A drink 
consisting of a total volume of 230 cc. with 100 cc. of 95 per cent 
alcohol was ingested at 7 P. M., over six hours after the ingestion of 
food. Samples of venous blood were taken one-half, one, two, three 
and twelve hours later. In repeating the experiment at sea level all 
of these conditions were duplicated. The results are shown in Table 1 
and Figure I. 

Following the first sample of blood, i.e. at the end of the half- 
hour, each subject was tested for auditory acuity with a 2A Western 


TABLE 3 


McDougall Dotting Test 


Average number of contacts made on a rotating disc with a stylus during 
a three-minute period before, and three-quarters of an hour 
after, the ingestion of various amounts of alcohol at 
the altitudes indicated 





NO ALCOHOL AFTER 1.0 GM. ALCOHOL PER KILO. 
Mean S.D. Mean S.D. 








Sea level 254 4.3 204 6.6 
Oroya, 12,000 ft. .....65 234 7.2 192 8.9 
’Quilcha, 17,500 ft 223 10.3 190 12.4 





NO ALCOHOL AFTER 0.8 GM. ALCOHOL PER KILO. 
Mean S.D. Mean S.D. 








241 2.4 
5-4 
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Electric Audiometer. The auditory thresholds were obtained by the 
Method of Limits for eight different frequencies for both ears. The 
results are shown in Table 2. The sea level determinations were 
made under similar experimental conditions before and one-half hour 
after the ingestion of the alcohol. 

At the end of the audiometer test, i.e. about 45 minutes after the 
ingestion of the alcohol, each subject was given the McDougall Dotting 
test which measures quickness and accuracy of coordination. The test 
involves making contacts through holes in a revolving disc with a 
stylus. The contacts are automatically recorded on an electric counter. 
At the beginning of the test the contacts are made easily, but as the 
line of holes goes farther out on the disc toward the outer circum- 
ference the holes pass the aperture with increasing speed, and sooner 
or later, depending on one’s neuro-muscular control, one begins to miss 
the contacts. The test takes three minutes. A perfect score is 360. 
The means in Table 3 are based on five trials. The means obtained at 
sea level and at high altitude should be compared with those obtained 
before and after the ingestion of the alcohol under similar conditions. 


THE RESULTS 
Blood Alcohol 


Upon examination of the blood alcohol determinations as shown in 
Table 1 and Figure 1 it is clear that in all three cases the concentration 
of alcohol in the blood rose more rapidly and reached a higher level 
during the first half hour in high altitude than at sea level. Our find- 
ings are in general agreement with those of Bornstein and Loewy 
discussed above. Once the highest concentration was reached, the rate 
of oxidation in gms. per hour appeared to be about the same at high 
altitudes as at sea level, but, due to the higher absolute values, the per- 
centage oxidized in a given time was less at the higher altitudes. In 
the case of R. McF. both at ’Quilcha, 17,500 ft. and at Oroya, 12,200 
ft., the maximum concentration of alcohol in the blood was reached at 
the end of two hours, while at sea level it was in the neighborhood of 
one hour. 

For the subject R. McF. at Oroya, 12,200 ft. and at sea level, blood 
alcohol determinations were made twelve hours after the alcoholic drink, 
ie. the next morning. As shown in Table 1 there was .o88 gms. of 
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alcohol per 100 cc. of blood at high altitude and only .031 at sea level. 
The differences in subjective feeling also were marked. At Oroya 
the “hang-over”, the dull headache, the tired yet restless apathy, the 
deep conviction that “it wasn’t worth it”, and general physical and 
psychological depression, was much more marked than at sea level 


Pulse Rate 


The pulse rate was followed in McF. at sea level, at Oroya, and 
at ’Quilcha following the ingestion of the alcohol. For the average 
subject at sea level there is an initial increase followed by a retarded 
pulse after small amounts of alcohol. The figures below indicate that 
the change in the pulse rate following the ingestion of alcohol was not 
significantly affected by altitude. 


R. McF. 


1/2HOUR IHOUR 2HOURS 3HOURS I2 HOURS 
72 70 66 64 66 
74 70 65 66 68 
76 74 70 68 


Audiometer Test 


The auditory thresholds obtained by the Method of Limits with a 
2A Western Electric audiometer under the various conditions indicated 
in Table 2 show that the impairment due to the alcohol was greater at 
high altitudes than at sea level. In the case of R. McF. the alcoholic 
drink had a slight impairing effect at sea level especially for the higher 
frequencies, and produced a greater impairment at high altitudes. The 
impairment at sea level due to alcohol was strikingly similar to the 
per cent loss due to the high altitude alone at 17,500 ft. The test was 
taken about 30-45 minutes following the ingestion of the alcoholic 
drink when the concentration was still rising. 


McDougall Dotting Test 


In this response the degree of impairment due to the alcohol in the 
case of R. McF. was 20 per cent at sea level, 18 per cent at Oroya 
and 15 per cent at "Quilcha (see Table 3). There was a significant in- 
crease in the variablity of reactions as shown in the larger standard 
deviations at high altitude with or without alcohol. The tendency of 
the subject to counteract temporarily the impairing effect of the alcohol 
by exerting greater effort is shown in the increased variability. 
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In the case of W. H. F. the altitude had an impairing effect of 
approximately 8 per cent in the high altitude, with an increase in the 
standard deviation of approximately 42 per cent. 

Both of the psychological tests were given when the concentration 
of alcohol in the blood was still rising. The degree of impairment 
might have been increased if the tests had been given later, since 
Gettler (8) has shown that the concentration of alcohol in the spinal 
fluid, and in the brain, is greatest following the highest degree of 
concentration in the blood. 


Summary 


Two subjects R. McF. and W. H. F. were given alcohol under 
comparable conditions of fasting, time of day, etc., at sea level and 
at high altitudes. The amounts of alcohol ingested were 1.0 and 0.8 gm. 
per kilo of body weight for R. McF. and W. H. F. respectively. 
R. McF. ingested a total volume of 230 cc. at sea level with 100 cc. of 
ethyl alcohol, at "Quilcha, 17,500 ft., and at Oroya, 12,200 ft. W. H. F. 
ingested a total volume of 170 cc. with 70 cc. of ethyl alcohol at sea 
level and at "Quilcha 17,500 ft. Samples of venous blood were taken 


from both subjects at one-half, one and two hours after the ingestion 
of the alcohol at ’Quilcha, and one-half, one, two, three and twelve 
hours from R. McF. at Oroya, 12,200 ft. Psychological tests for audi- 
tory acuity (2A Western Electric audiometer), and neuro-muscular 
control (McDougall Dotting Test) were given at sea level and at high 
altitude at definite intervals before and after the alcohol. The pulse 
rate was followed in the case of R. McF. at sea level and at high altitude. 


CONCLUSIONS 


1. The concentration of alcohol in the blood rose more rapidly and 
reached a higher level at high altitudes than at sea level. 

2. Our observations suggest that once the highest concentration 
has been reached the rate of oxidation in grams per hour is relatively 
independent of the altitude, but due to the higher concentrations 
resulting from the ingestion of the same amount, the percentage oxidized 
in a given time is less at high altitudes, and the amount remaining in 
the blood after 12 hours considerably larger. 
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3. In one subject at high altitudes the highest values were obtained 
two hours after taking the alcohol, but at sea level one hour after. The 
other subject gave his highest values after one hour, both at sea level 
and on the mountain. 

4. The degree of impairment in auditory acuity was greater at 
high altitudes than at sea level after taking the alcohol. In the test for 
neuro-muscular control there was a great increase in the variability of 
response but the average differences following the alcohol in the moun- 
tains compared with sea level were insignificant. 

5. There was no significant difference in the behavior of the 
pulse rate at sea level and at high altitudes following the ingestion of 
alcohol. 
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WORLD POPULATION GROWTH?’ 





BY RAYMOND PEARL AND SOPHIA A. GOULD 


I 


i] distribution, density, and growth of the population of the 
===} world. In connection with this it is our practice to revise 
annually our summary of the estimates, or counts, of the population of 
the world and its component parts. Some outgrowths of this work 
have already been published in connection with the discussion of topics 
of general interest.’ 

It should be emphasized that it is as impossible now as it has 
always been in the past, and will be for a long time in the future, to 
know exactly how many human beings are or were living on the face 
of the earth at any stated moment. The primary difficulty arises from 
the fact that the process of census counting has never included all the 
people or areas of the globe, and a secondary one from the fact that 
in different countries censuses are taken on different dates. But the 
situation grows steadily more encouraging in this respect. At the 
present time it can be said that over 70 per cent of the present popula- 
tion of the world is either regularly counted in recurring censuses, 
or has been counted at some time in the past, or at least an attempt 
has been made at a count. Of the wholly uncounted residue, for 
which there have never been any figures except estimates as a base, 
China constitutes by far the major portion. According to what seems 
to be the most reliable estimate, China’s population constitutes something 


*From the Department of Biology of the School of Hygiene and Public Health 
of the Johns Hopkins University. We are indebted to Mrs. Ruth Pearl Jencks 
and Dr. John R. Miner for help in the preparation of the material for this paper. 

*Cf. Pearl, R. Human biology in schools and colleges. School and Society, 
Vol. 42, pp. 111-118, 1935. 

*Pearl, R. War and overpopulation. Current History, Vol. 43, pp. 580-594, 
1035; Multiplying man. Yale Review, Vol. 25, pp. 584-602, 1936. 
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of the order of 21 per cent of the world total. When China takes a 
real census, if she ever does, the study of world population will then 
rest upon a basis of sufficient statistical security to justify a very sub- 
stantial degree of confidence in results and inferences. 

In the meantime—which may be a long one since China’s political 
affairs internal and external are in a fermenting state—the problems 
presented by the growth of world population are so intriguing and 
intrinsically important that it would seem a graver error of judgment 
to wait placidly for an indefinitely postponed approach to statistical 
perfection than to tackle the problem with what material is now avail- 
able, it being clearly understood that there is bound to be error and 
uncertainty, one way or the other, in any results reached. On the basis 
of all the evidence, however, we have come to feel that the error inherent 
in present-day discussions of total world population cannot be very 
great relatively. Personally we doubt that it is as much as I0 per 
cent plus or minus. It seems probably nearer 5 per cent if the truth 
could be known. We should not like to be dogmatic about either figure, 
however. 


II 


The plan in use in this laboratory for making annual revisions of 
world population figures is to assemble separately on work sheets the 
latest available data regarding population, area, and time (date of 
count or estimate) for each of the smallest demographic (areal) di- 
visions of the earth for which data are available, and then combine 
them into larger divisions by summation, checking the figures at each 
stage in every way possible. The reasons for taking as units of the 
revisions the smallest areal division for which separate data are available 
are two-fold. In the first place by this procedure we come nearer to 
the actual base data with the attendant probability of greater accuracy. 
In the second place one of the principal problems in which we are in- 
terested is the geographic distribution of different degrees of popula- 
tion density over the earth’s surface, and obviously the finer the areal 
subdivision of the material the better will be the situation for study- 
ing the problem. 

When available library facilities do not permit going first-hand to 
original statistical sources, three well-established and generally reli- 
able secondary sources have been used. These are: 
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(a) Apergu de la démographie des divers pays du monde, publié 
par l’Office Permanent de 1’Institut International de Statistique. La 
Haye. [Last volume issued in 1932. A new one is expected to appear 
shortly]. 

(b) Epidemiological Report of the Health Section of the Secre- 
tariat of the League of Nations. Geneva. [A quarterly that usually 
carries in each number a page of the latest available population data for 
selected countries]. 

(c) The Statesman’s Year Book. [An extremely useful compila- 
tion, but of perhaps not quite the high standard of accuracy of the 
two preceding sources]. 

In addition to these three sources we expect in the future to use 
the Statistical Year-Book of the League of Nations, and the Revue de 
l'Institut International de Statistique. La Haye. 

The working tables carry the following items of information in 
order : 


Name of country or sub-division. 

Area in square miles. 

Total population at last recorded census or estimate. 
Year to which population figure (Item 3) applies. 
Density of population (persons per square mile). 


Population at census or estimate preceding the last recorded. 
Year to which population recorded as Item 5 applies. 
. Recent annual growth rate per cent (derived from the differ- 
ence between Items 3 and 6, taken as percentage of Item 6, and re- 
duced to an annual rate on basis of the difference between Items 


4 and 7). 
TABLE 1 


W orld Population* 
1934 1935 
REVISION REVISION 
Area (square miles) 52,130,677 51,742,763 
Total population (in millions) 2,073.3 
Density (persons per square mile) 40.1 
Mean date to which figures apply 1931.5 


*If China be excluded from both estimates the figures run as follows: 


Area excluding China (square mile) 47,465,100 
Population excluding China (millions) ; 1584.0 
Density excluding China . 33-4 
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From the last two revisions, made respectively in the autumns of 
1934 and 1935, the results as to total world population and its density 
are shown in Table 1. 

The following points are to be noted from Table 1. 

1. The difference in area between the two revisions, amounting 
to just under 400,000 square miles, is due chiefly to changes with 
officially revised figures for the areas of French West Africa, Vene- 
zuela, Iraq, Nicaragua, Tanganyika, and Southwest Africa, coupled 
with corrections for inland waters (lakes, broad rivers, etc.) that we are 
able to make to an increasing extent with each succeeding annual re- 
vision. The corresponding area figure from the latest Statistical Year- 
Book of the League of Nations* is 132,390,000 km* (= 51,115,858 
square miles). The discrepancy here is apparently accounted for by 
the fact that we include some areas (and peoples) that the League 
statisticians omit. 

2. This last consideration also accounts for the fact that our figure 
for total world population of 2,073.3 millions is greater than the latest 
League of Nations figure, which is 2,057.8 millions. We have included 
estimates of uncounted native populations wherever stated figures 
seemed fairly reasonable; whereas the League statisticians frequently 
omit them. But obviously the two world estimates are in substantial 
agreement, the difference being only 0.75 per cent of the mean of the 
two estimates. A discrepancy of less than one per cent in two inde- 
pendent estimates of world population made at approximately the 
same time, is surely nothing to grieve over. Both estimates are probably 
somewhat below what the real population of the world was at the 
indicated time—about the middle of 1931—because the over-counts and 
over-estimates in the record probably do not balance the uncounted, 
unestimated, and therefore unrecorded folk who were, however, living. 

3. The mean density of world population as of 1931.5 appears to 
have been almost exactly identical with that of continental United 
States at the 1930 census. This is a thought-provoking figure when 
really grasped—4o persons on the average for each 640 acres of the 
earth’s land surface. 

4. The apparent mean annual growth rate per cent of the world 
population between the dates 1930.1 and 1931.5 is 0.8 per cent; that 
is eight tenths of a person added in each year net to the living popula- 
tion for each hundred living at the beginning of the year. 


—_—— 


‘League of Nations. Statistical Year-Book. 1934-35. Geneva, 1935. 
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It is uncertain as to how much significance is to be attached to this 
growth rate figure. For if we deal only with those countries (or 
other political subdivisions) for each of which there are available 
data from which a separate individual growth rate can be computed— 
134 “items” at the 1934 revision and 140 “items” at the 1935 revision, 
each “item” being a country or other political subdivision—the results 
shown in Table 2 are obtained. 


TABLE 2 


Recent world population growth rates for those countries only for which 
the necessary data are separately available 


1934 1935 
REVISION REVISION 
Area (square miles) 38,095,103 38,360,596 
Latest population (in thousands) 1,421,293.2 1,465,646.5 
Mean date of above (latest) population 1931.89 
Earlier population (in thousands) ’ 1,326,170.8 
Mean date of above (earlier) population 1924.06 
Mean annual growth rate percent : 1.34 
Length of period on which above rate is 
computed (years) . 7.83 


The 134 countries included in Table 2 in the 1934 revision con- 
tained together 73.1 percent of the total land area of the earth (as set 
forth in Table 1) and 69.3 per cent of the total population. The cor- 
responding figures for the 140 countries included in the 1935 revision 
are 74.2 per cent for area, and 70.7 per cent for population. These 
are substantial percentages of the total. The figures include none of 
the doubtful data (particularly those for China) embodied in Table 1. 
On these two grounds of large proportionate size of sample and 
relatively greater reliability of the data it is reasonably to be expected 
that the growth rates of Table 2 probably represent more accurately 
the general situation than does the 0.8 per cent derived from the figures 
of Table 1. It is, of course, also to be kept in mind that 0.8 per cent 
per annum increase represents only 1.4 years around 1930 and 1931, 
as against the 9.97 and 7.83 year intervals of Table 2. In general it 
would be expected statistically that relatively accurate data for a 
sample comprising about 70 per cent of the universe of discourse 
would be likely to give a fairly reliable picture of the real conditions in 
the whole universe—probably indeed a more reliable one than the 
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data for the whole universe in a case like this where it is known that the 
data for the part of the universe not included in the sample are dubious. 

The fact that the growth rate figure of the 1935 revision (1.34) 
is slightly higher than that for the 1934 revision (1.17) naturally 
arouses skepticism. We expect human population growth rates gen- 
erally to be steadily if slowly decreasing. But it will be well to reserve 
judgment on this point until the material presented in the next section 
of this paper has been considered. 

In the meantime, by way of summary of this section, it is very 
tentatively suggested that the population of the world as a whole has 
been growing in the recent past at a rate of something of the order 
of one per cent per annum—perhaps a little more, perhaps a little less, 
but at about that figure. This would mean, if continued without change, 
a doubling® of the present world population in 69.7 years. 

There is, however, no reason to suppose that a growth rate of one 
per cent per annum will continue unchanged for even any consider- 
able part of 70 years. Nor does it appear, as will be shown in the 
next section, that the total population of the world will ever, in its 
present cycle of growth at least, be double what it is at the present time. 


"It may be useful to set down here in condensed form the equation from which 
may be computed the time required for a population to double its size at a given 
constant growth rate per annum, This is 


= log 2 0.3010300 
~ log (Ir) ~ log (1+r) 


time in years required for population to double itself 





(i) 


<= constant rate of growth per annum expressed per unit 
(not per hundred units). 


In the present case (i) becomes 


0.3010300 0.3010300 
Te = = = 60.7 years 
log (1 +.01) 0.0043214 





Equation (i) is a simple derivation from the law of compound interest 
s=p (1+1r)*, whence (ii) 
a ee? (iii) 
log (1+ 7) 


In the special case of time required to double the principal, s = 2), 
and equation (iii) reduces to equation (i). 
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t the It 
ious. In 1924 Pearl® published (loc. cit. pp. 631-674) a logistic curve 
34) fitted to the data assembled by Knibbs’ to indicate the growth of 
rally population of the world, from the estimate of Riccioli in 1660 up to / 
gen and including that of Knibbs himself as of 1914. Regarding the 4 
oo curve the following was said at the time. q 
—_ The fit is obviously nothing to excite admiration. The most that can be said 
for it is that it strikes fairly through a flock of highly irregular points some of 
very which are obviously poor guesses at world population (judged to be poor not be- 
> has cause of their divergence from the curve, but from comparison with nearby esti- 
order mates in point of time). The marvel is not that the fit is bad, but that it is as 
less, good as it is, considering how world population estimates have been made. 
ange, It became apparent some time ago that this world logistic badly 
needed revision because by 1930 world population had already exceeded ; 
f one 2026 millions, the upper asymptote of the original curve. 
sider- Consequently a new logistic has been fitted to the data assembled 
1 the by Knibbs (given on p. 631 of Pearl, loc. cit., and therefore not re- 
n its peated here) with the following five additional estimates subsequent 
time. to 1914 added. 
; MEAN DATE POPULATION MADE BY 
which OF ESTIMATE (in millions) 
given 
1920.58 1814.2 Pearl and Gould 
1927.11 1978.3 Pearl and Gould 
(i) 1930° 1901.38 Kuczynski® 
1930.12 2050.4 Pearl and Gould 
tself 1931.52 2073.3 Pearl and Gould 
Saal The four estimates of Pearl and Gould were made by the method j 
described earlier in this paper. Our 1927.1 and 1930.1 estimates 
differ from the Kuczynski estimate stated to be as of 1930 chiefly 
by reason of different attitudes towards the treatment of China’s pop- 
ulation. We prefer to take the official Chinese estimate rather than ; 
to guess pontifically ourselves. 
*Pearl, R. Studies in Human Biology. Baltimore (Williams and Wilkins), 
(ii) 1924. Pp. 653. 
*Knibbs, G. H. The Mathematical Theory of Population, of its Character and 
(iii) Fluctuations, and of the Factors which Influence Them. Census of Commonwealth 


of Australia, Appendix A, vol. 1 Melbourne, 1917. 
*Stated date. 
*Kuczynski, R. R. Encyc. Soc. Sci., Vol. 12, p. 245, 1935. 
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Fic. 1. Tue Porutation GRowTH OF THE WorLD FROM THE 17TH CenTuRY TO lh 
The circles give the observations, and the smooth line the graph of the logistic equation. 
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In deriving the equation of the present world logistic, shown as 
Fig. 1, the standard procedure of fitting by the method of least 
meet 


squares a straight line to log was followed. The final equa- 





tion is 


2200 


y = 445.5 + 





I oa 8.7349e—-2275* 


where y is world population in millions, and x is time in 10-year in- 
tervals, from the year 1800 as origin. 

Regarding the fit of the present logistic curve as a whole nothing 
more or very different can be said than was about the first. The 
nature of figures that have to be used in lieu of “observations” which 
even at the present date represent only about 70 per cent of complete 
observation precludes the possibility of ever getting anything like a 
really smooth fit with a four-constant curve. But taking the material 
for what it is, with all its inherent disabilities, a number of interesting 
points are presented for discussion. 

In the first place the asymptotic limit of the current cycle of growth 
is raised above the former figure to 2645.5 millions, to be closely 
approached in the year 2100 A. D. We make no formal prediction that 
this will represent the ultimate size of the world’s human population. 
It is only an extrapolation from the available evidence as to what the 
past history of world population growth has been up to the present time. 
No other interpretation than this should be put upon it. It is a figure 
that future events and trends now wholly unpredictable may alter, 
just as proved to be the case with our former extrapolation. If not 
so altered a total world population of 2645.5 miilons would indicate 
an average population density over the whole land area of the earth 
of about 51 persons per square mile, instead of the present 40. This 
is plainly no great increase. But world population is now at a point on 
its logistic curve such that, unless new and unpredictable forces operate 
to alter its course, a slowing rate of growth will make itself increasingly 
manifest with the passage of time. Furthermore there is evidence*® that 
the average density of world population is already approaching the 
point of producing uncomfortable results, under present conditions of 
living. But, in any case, we wish to emphasize again that we have no 
inside information as to whether the upper asymptote depicted in Fig. 1 
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will reasonably accord with reality in the year 2100, and are not to be 
understood as advocating its absolute validity or significance. 

Figure I suggests that in the period of 30 years between 1890 and 
1920 the growth of world population either actually slowed below its 
expected trend as indicated by the fitted curve, or that the estimates 
of world population consistently and systematically erred in defect of 
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Fic. 2. SHowrnc Two Loeistic Curves Fitrep To THE DATA For Wor.p Popvuta- 
TION GROWTH: 


One (—-—-) fitted to the data up to 1914 only; the other ( ) fitted to 
the data up to 1931.5. 


the real facts in that period. This point is shown even more graphically 
in Fig. 2, in which both of our attempts at a world population logistic 
are plotted on the same diagram. This Fig. 2 also emphasizes the 
dangers inherent in extrapolating logistics, and the caution that must 
always be observed in generalizing or theorizing on the basis of such 
extrapolations. 

With only the estimates at hand when our first logistic was fitted, 
we submit that the resulting fit was reasonable, and the extrapolated 
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portion of the curve what, in general, anyone would have supposed 
likely to happen. But actually the extrapolation was grossly in error. 
It can now be seen that what led us astray was the dip of the “obser- 
vations” below their real long-time trend in the period of roughly 1890 
to 1920. The case demonstrates with great clarity the necessity for 
frequent revision of human population logistics as new data become 
available, a point upon which one of us has always insisted from his 
first work with these curves. 

Whether the 1890-1920 “dip” represents a real biological phe- 
nomenon, or merely bad estimating technique, is difficult to say. We 
incline to the view that it is probably the former, on the ground, in 
part, that the basis for making world population estimates was certainly 
better during the period in question than in earlier times and was 
constantly improving. More and better censuses were being taken. 
Furthermore it is to be noted that by 1930 the estimate had returned 
to, and indeed gone above, the trend line given by the curve. 


IV 


The present logistic cycle of world population growth got dis- 
cernibly under way at about the middle of the 17th century—say 300 
years ago in round figures—and started from a lower asymptotic value 
of about 445 millions. This figure is, of course, only an estimate, but 
cannot be far away from what was the actual fact. Since then it 
has increased to about 2,073 millions, again in round figures, as of an 
average date of 1931.5. In other words there has been in roughly 
300 years a 4.7-fold multiplication of human beings on the face of the 
earth, and this present cycle of growth appears to be only about two- 
thirds completed. A nearly five-fold net multiplication of the popu- 
tion of such a relatively close-breeding species as man is, in a time 
period of only 300 years, is certainly a noteworthy phenomenon. 

But man, as a distinct and differentiated species, had been on the 
earth an extremely long time prior to the 17th century. Few, if any, 
anthropologists nowadays question that he had become differentiated 
and was making flint tools of the pre-Chellean type early in the 
Quarternary, certainly somewhere in the first inter-glacial period. Nor 
is it doubted that from at least that time he has continued on the earth 
in an unbroken succession of generations; through the long second 
and third inter-glacial periods and through the glaciations that separated 
them. The artefacts indicative of his ever-improving culture, through 
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Chellean, Acheulian, Mousterian, Aurignacian, Magdalenian, and 
Azilian-Tardenoisian stages, make his continuous habitation certain. 
Geologists, anthropologists and archeologists seem, however, unable 
to agree as to the number of calendar years involved in the climbing 
of this long evolutionary ladder up which man has come. We do not 
propose to review all their widely varying judgments, since it is not 
necessary for our present purpose. Whitnall?® synthesizing data from 
Penck, Osborn, Boule, and Obermaier, puts Heidelberg man and pre- 
Chellean culture 475,000 years back. On the other hand, Kroeber™ 
tentatively allows only 100,000 years to the beginning of the lower 
palaeolithic.* For the sake of the argument, however, and because 
it is so conservative as to be quite inoffensive to everybody, let us 
take 100,000 years as the time period to say 1630 during which man 
has lived on the earth. If in fact it was much longer than this, as is 
possible and in our opinion probable, it would only strengthen the 
point about to be made. Yet the world population in 1630 was only 445 
million, a density of a little over 8 persons per square mile as against 
the present 40. 

This being so at least three possible alternative inferences present 
themselves. The first of these is that the human population of this globe 
grew at an extremely slow rate for 100,000 years as compared with 
the performance of any populations now existing. On this hypothesis 
it is probable that the growth of world population was not steady and 
continuous along a smooth logistic curve, but instead was irregular, 


“Whitnall, H.O. The Dawn of Mankind. Boston (Badger) 1924. Pp. 278. 

"Kroeber, A. L. Archaeology. Encyc. Soc. Sci., Vol. 2, pp. 163-167, 1930. 

™*While the present paper was passing through the press there came to our 
attention a recent paper of first-rate importance by F. E. Zeuner (Geol. Mag. Vol. 
72, pp. 350-376, 1935) that critically synthesizes all the available data as to 
pleistocene chronology, and reaches conclusions that appear to be as nearly defini- 
tive as it is humanly possible to reach. It is to be hoped that archeologists and 
anthropologists will give them the consideration they merit. Using the 
Miklankowitch “radiation curve”, together with other evidence from geology, 
paleontology and prehistoric archeology, Homo heidelbergensis from the Mauer 
sands (the oldest find in Central Europe) has a probable date on the absolute 
scale of about 500,000 years. Other cultures date approximately as follows: 
Acheulian 183,000 years; Mousterian Neanderthal man 140,000 to 105,000; 
Aurignacian 95,000 to 69,000; Solutrean 67,000; Magdalenian 65,000 to 18,000; 
Mesolithic 15,000 to 7,500; Neolithic 7,500 to 4,000, all the figures being reckoned 
as years before 1800 A.D. These figures, which it may again be emphasized are 
on the evidence far more trustworthy than any hitherto available, indicate the 
extreme conservatism of the estimate used in the text. 
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fluctuating up and down about the ever rising trend line. These 
fluctuations, consequent upon wars, famines, pestilences, and climatic 
changes, may have been relatively large at times, but absolutely well 
within the limit set by the 445 million asymptote finally achieved. The 
second possible alternative is that for a long time—thousands of years— 
prior to the 17th century the population of the world stood stable at 
beween roughly four and five hundred million, or oscillated in waves of 
relatively small amplitude about some such figure, this representing the 
relatively stable upper asymptotic level of a cycle of population growth 
consummated long before. Finally the third possible alternative is 
that during some period or periods in this vast span of at least 100,000 
years of man’s life on the earth the world population was much higher 
than 445 million, and subsequently lessened, for reasons wholly un- 
known, to reach that figure when reasonably reliable population history 
begins. 

Which of these three alternatives is true? No one can say with 
any authority. But it seems to us that the combined evidence from 
paleontology, from the geographical distribution of plants and animals, 
from ecology and particularly plant ecology, from archaeology, from 
prehistory, and from history, masses such weight against the third 
alternative as to be practically conclusive. In short all the relevent 
evidence seems to indicate that there were as many (or more) human 
beings living on the face of the earth in 1630 as there ever had been at 
any prior time since man set up in business for himself. Most particu- 
larly to be counted against the third alternative is the fact that until 
recent times man’s culture was not of the sort to make possible the 
existence of large populations on the earth. Hunting, pastoral, and 
primitive agricultural cultures are not compatible with large populations, 
as we know them nowadays. 

The case is not quite so conclusive relative to the second alternative 
but still, on the balance, the evidence seems to be against it. It appears 
probable that if the populations had been generally stabilized for even 
2000 years before the 17th century we should almost certainly have 
heard about it in historical writings. Instead the references and infer- 
ences about population that can be drawn from ancient history seem 
to indicate it as fluctuating in consequence of wars, famines, pestilences, 
etc., but on the whole tending always to grow, even though slowly and 
irregularly. 

So then we are left with the first alternative, a very slow and 
irregular time rate of growth of world population over a very long time 
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Fic. 3. Dracram To ILtustraTE ALTERNATIVE HypoTHESES AS TO THE HISTORY 


The portions of the curve drawn in broken lines are purely hypothetical, except as 
The portions of the curves depicted by a continuous solid 
line (1630-1930) represent the known facts as to world population growth, and 
are plotted to the same time scale as the earlier period. 


to the total time scale. 


OF THE HUMAN PopPULATION OF THE EARTH. 










——_ ft ts eelUlUc UCU 


eo -s« ff. «= F&F it ot 

















WORLD POPULATION GROWTH 413 


prior to the Middle Ages let us say, followed by a relatively tremendous 
spurt of growth not yet ended. 

The implications of the three alternative hypotheses will perhaps 
be made plainer by the diagram shown in Fig. 3. 

How is this sharp spurt of population growth after 1630 to be 
explained? The first suggestion that comes to mind is that the primary 
cause behind the new cycle of logistic growth of world population that 
started in the 17th century was that mankind became aware about that 
time that its effective universe was expanding. The earth was not 
growing physically bigger to be sure; there were no new acres of land 
being really added to the planet. But many were being discovered, 
uncovered, and put to use, and, in general, man’s effective universe for 
purposes of living certainly was expanding; and at an accelerating rate. 
This was being brought about by new discoveries and new ideas that 
made it possible for man to exploit far more effectively than he had 
known how to before, the natural resources for human living inherent 
in the earth on which he lived. It is not possible to develop this point 
in detail here. But one of the most important and obvious aspects of 
the expansive changes in man’s effective universe that have appeared in 
the last 300 years was the ever increasing facility of communication 
and transportation, with its consequent broadening of the base and ac- 
celeration of the tempo of trade. Indeed it was the development of 
railroads that had a large part in making the gloomy prophecies of 
Malthus about the future of mankind at the end of the 18th century 
seem comically absurd soon after he made them. Another change of 
similar sort was the development of relatively cheap and highly 
effective power, associated primarily with the discovery and rapid im- 
provement of practical steam engines. In generalized terms what 
expanded man’s effective universe, and made possible a great spurt 
of population growth was scientific discovery and the application of 
its results, in the broadest sense including exploration as well as tech- 
nology, to man’s basic problem of how best to cope with and exploit 
his natural environment. 

There is much evidence to support this view as an explanation of 
what is known of the whole history of human population on the earth. 
It would take a sizable book to review it. Only one striking feature 
of this mass of evidence can be mentioned briefly here. It is that, to 
this day, peoples who because of geographical location, climatic con- 
ditions, general stupidity, and other causes, have been unable to par- 
ticipate in any real sense in the consequences of an expanding effective 
universe, are still growing in population very slowly if at all. 
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The population of the earth is distributed with great unevenness 
over its land surface. This is shown in Table 3. This table is arranged 
in order of ascending density classes (persons per square mile). It is 
based upon the 906 separate political or administrative units for which 
separate data are available as to area and population. By “political unit” 
is meant either a country (as the Dominican Republic), or a state 
(as Arizona), or a department (as Cotes-du-Nord), or a canton (as 
Fribourg), or a colony, protectorate, or territory, or in a few cases a city 
(as Oslo) having separate administrative status equivalent legally and 
politically to that of a state. Each such separate political unit was put in 
its appropriate density class, and the areas and population summed for 
the class. These absolute figures were then reduced to the percentages 
shown in Table 3. 


TABLE 3 


Percentage of total land area of the earth and of total world population, 
by population density classes, as of average date 1930 
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It should be clearly understood that the “political units” upon which 
Table 3 is based, are in some degree arbitrary and artificial in the sense 
that they are not precisely equivalent to each other geographically, 
anthropologically, or demographically. But for the present purpose 
they have this usefulness and validity: they represent 906 divisions of 
the land surface of the earth, for each of which the area and popu- 
lation are known either exactly or approximately. Therefore for each 
of them it is possible to compute density of population. When all 
similar densities so computed are grouped together (as in the density 
classes of Table 3) and their several areas added, we have large areas 
of the earth’s surface alike in at least the respect of equal (within the 
class range) density of population. Thus the first density class 0-9 
includes 147 “political units” whose aggregate area is over 29 million 
square miles. Even the highest density class (3100 and over) with only 
14 “political units” has an aggregate area of over 1200 square miles. 

The most striking general fact that is evident from Table 3 is the 
extreme skewness of the distribution of population density over the 
earth’s surface. Taking the mean densities of the several density 
classes as a conservative basis for estimating the range of population 
density over the earth it is seen that 35.6 per cent of political units 
cover only 0.3 per cent of the whole range of population densities ; and 
even 76.8 per cent of the political units cover only 1.7 per cent of the 
total range of densities. Even though the political units are not equiva- 
lent to each other, as has been said, nevertheless there can be no 
question as to the skewness of population density distribution. 

The matter may be looked at in other ways that do not involve 
consideration of the separate political units. Well over a half (57 
per cent) of the total land area of the earth is occupied by only four 
and a half per cent of the total population of the world. And about 81 
per cent of the earth’s total land area contains only 18-1/4 per cent of 
the world’s population. Only a little over 5 per cent of the land area 
of the earth (densities of 200 and above) contains 52.5 per cent of its 
population. 

Figure 4 shows graphically the broad facts of the distribution of 
world population over the land surface of the earth. The area of the 
whole square is taken as that of the land area of the globe. The lower 
unshaded rectangle—the “great open spaces” comprising roughly 81 
per cent of the whole area—has an average density of population of 
only about 9 persons per square mile. The cross-hatched rectangle 
at the upper left corner comprises just over 13 per cent of the whole 
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land area, and contains a little over a quarter of the total world popu- 
lation living at the not unreasonable average density of about 86 
persons per square mile. Finally, the little black rectangle in the upper 
right corner comprises only a little more than 5 per cent of the total 
land area, but contains over a half of the whole world population living 
at a density of 394 persons to the square mile on the average. Thus we 
have the picture in Fig. 4 of the biological result that human civilization 
had wrought by its efforts up to the year of grace 1930. 

The average density of world population as a whole is 40 persons 
per square mile. Yet the populations on over 81 per cent of the total 
land area are living at densities under 40. About 14 per cent of the 
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population of the world—about one person in seven—is living at 
densities of 600 or above, that is with one acre or less per person, on 
an even distribution of area. As a very rough and round figure it is 
said that 2.5 acres are needed to support a human being.’* Obviously 
this implies good land, and all of it intensively cultivated. But neg- 
lect these points for the moment, so as to put the best case possible. 
The data of Table 3 indicate, if we take the 2.5 acre figure at its face 
value and with the obviously too optimistic assumption that all land 
functions at that scale, that to get the means of subsistence to some- 
thing over a half of the world’s population today involves a significant 
problem of transportation and distribution. It is a common dictum that 
the faults and troubles connected with the “distribution” of goods are 
chiefly to blame for the world’s woes, with the implication that if these 
faults could be eliminated the world’s economic troubles would largely 
disappear. But, faults or no faults, the present geographical arrange- 
ment of world population makes it plain that without substantial “dis- 
tribution” of the means of subsistence from the places where they are 
produced to the places where they are used, something over a half of 
all human beings could not go on living at all. Somebody must haul 
to them what they eat, what they wear, what protects them from the 
rigors of the physical environment, and so on. Now hauling means of 
subsistence is a service activity, for which somebody must be paid in the 
absence of a system of slavery. The aggregate economic burden so 
added to the business of human living on the earth, however, skillfully 
and intelligently it may be done, is an extremely large one. It seems 
bound in principle to become still greater if the tendency to unevenness 
of population distribution over the earth’s land area—of which one 
aspect is, in more usual phraseology, urbanization—continues to in- 
crease. But urbanization is not the only factor involved. Another 
important one is the disinclination of human beings, on the whole, to 
move far from where they are born. For example Wattal'* points 
out (p. 123) that in India, a country of relatively high population 
density : 

“The stay-at-homeness of the people of this country is the theme of every 
census report. In 1901 only 9.27 per cent of the whole population were enum- 


erated outside of the district of birth. In 1911 this proportion fell to 8.7 per 
cent. Even of these, two-thirds were born in a contiguous district and the move- 


*Cf. Brown, P. E., Land and land use. Science, Vol. 83, pp. 337-343, 1036. 
*Wattal, P.K. The Population Problem of India. A Census Study. Bombay 
(Bennett, Coleman and Co.) 1935. Pp. xii + 185. 
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ment, perhaps, from one village to another contiguous one which happened to be 
in another district has no connection with the pressure of economic causes. For 
the census of 1931 the figures are much the same. Of the total population of 
India enumerated by birth place, 350-1/2 million odd, less than one million were 
living elsewhere.” 


And this is in a country where Sir John Megaw™ estimates, on the 
basis of a survey carried out under his direction, that (p. 61) : “Under 
40 per cent of the people were considered to be well nourished, while 
over 40 per cent were regarded as poorly nourished, and 20 per cent 
very badly nourished.” 

Viewing the animal kingdom as a whole it is evident that the 
ecological trend of man, as reflected in the unevenness of his popula- 
tion density distribution over his habitat universe, is an aberrant one. 
Its only even slightly plausible parallels appear to be found among the 
colonial Hydrozoa (where the individual zooids in the colony live at 
high population densities) and among the social insects. The colonial 
Hydrozoa do not really present a comparable situation, for there the 
individual zooids are bound to the colony and cannot migrate individu- 
ally, generally speaking; nor are they true individuals biologically. 
The social insects, on the other hand furnish a closer and more real 
parallel. Indeed the tendency of human social organizations to approach 
more and more closely that of the termites has been evident for a 
century at least; with its increasingly rigid differentiation of occupa- 
tional castes, its abrogations of individual liberty of action, its heavy 
and ever-growing burden of economic overhead service expense en- 
tailed in getting subsistence ; all these being direct consequences of living 
under conditions of high population density. 

There are, of course, many species of animals that during certain 
phases of their life histories live for relatively short periods of time 
under conditions of great population density and consequent uneven- 
ness of density distribution relative to their whole habitat range. 
Conspicuously, many forms aggregate to high population densities in 
restricted areas during the breeding season. Certain fish, and notably 
the salmon, are examples in point. But except in the breeding season 
the areal distribution of such forms is widespread and the population 
density low. But man, and certain of the social insects, when they live 
at high population densities live that way all their lives. We have found 


“Megaw, Sir John. Public health in India; retrospect and prospect. Lancet, 
Vol. 230, pp. 61-63, 1936. 





od to be 
ss, For 
ation of 
on were 


on the 
‘Under 
, while 
*r cent 


at the 
opula- 
it one, 
ng the 
live at 
olonial 
‘re the 
lividu- 
yically. 
re real 
proach 
for a 
ccupa- 
heavy 
se en- 
living 


certain 
f time 
neven- 
range. 
ties in 
\otably 
season 
ulation 
ey live 
found 


Lancet, 


WORLD POPULATION GROWTH 419 


it difficult to think of other forms falling in exactly the same category 
in this respect. Perhaps there are some, but certainly they are neither 
numerous nor conspicuous. 


VI 


The significant points brought out in this paper may be briefly 
summarized as follows: 

1. The method of making annual revisions of estimated world 
population used in this laboratory is described, and the estimates pre- 
sented of 2,050.4 million and of 2,073.3 million, as of average dates 
1930.1 and 1931.5 respectively. 

2. The tentative conclusion is reached that the population of the 
world has been growing in the recent past at the rate of about one 
per cent per annum. 

3. A logistic curve fitted to the data on world population growth 
leads to an upper asymptotic value for the present cycle of 2,645.5 
million, rather closely approached by about 2100 A. D. 

4. The prehistory and history of human population on the earth 
is discussed, and it is shown that since the middle of the 17th century 
world population has exhibited an extraordinary spurt of growth, un- 
paralleled before that time so far as the available evidence indicates. 
It is suggested that this is a consequence of the expansion of man’s 
effective universe, as a result of scientific discoveries and their ap- 
plication. 

5. The extreme unevenness of the distribution of population den- 
sities over the earth’s land surface and some of its general economic 
consequences are discussed. Well over a half (57 per cent) of the total 
land area of the earth is occupied by only four and a half per cent of 
the total population of the world. About 81 per cent of the earth’s 
total land area contains only 18-1/4 per cent of the world’s population. 
Only a little over 5 per cent of the land area of the earth contains 52.5 
per cent of its population. 
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FERTILITY IN RELATION TO AGE AT 
TIME OF MARRIAGE* 





BY GERARD ROLAND POMERAT 
From the Department of Biology, Clark University 


SIN A recent analysis of a consecutive series of 107 in- 
fertile married couples which were thoroughly studied 
for diagnostic purposes at the Evans Memorial (Boston, 


nteretic of the infertile group an age correlation between hus- 
band and wife of 0.51++0.05. This is about twenty points below the 
figures of 0.76, 0.75, 0.69, and 0.79 reported by Lutz (2), Carter (1), 
Schiller (10), and Outhit (5) respectively. 

The present study was undertaken to investigate further the possible 
relation between infertility and age of husband and wife at time of 
marriage. 


MATERIALS AND METHODS 


The cases discussed here were selected from the marriage records 
of the city of Worcester, Massachusetts, (population around 200,000), 
for the years 1916 and 1917. All the couples were residents of 
Worcester at the time of their marriage and remained in that city for 
at least fifteen consecutive years thereafter. No couples were included 
in which the woman was over 40 years at time of marriage. Of the 4300 
marriages recorded for those years, only 987 were found to meet these 
requirements, (23 per cent). In 191 of the cases selected (19.35 per 
cent) no births or stillbirths were registered. This is considerably 
higher than the range of 10 to 13 per cent for Massachusetts families 
which Meaker (3) quotes from Macomber. 


*The author wishes to acknowledge his thanks to Mr. Charles M. Pomerat 
and to Dr. Raymond R. Willoughby, both of Clark University, for the many 
helpful aids and suggestions which have made this study possible. 
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TABLE 1 


Male Age at Time of Marriage 





ALL COUPLES COUPLES WITH CHILDREN CHILDLESS COUPLES 
FREQUENCY %OFN FREQUENCY %OFN FREQUENCY %OFN 








1.01 1.13 0.52 
3.85 4.65 0.52 
16.31 18.34 785 
7 in- 19.15 19.60 17.28 
udied 16.92 18.22 11.52 
yston, 12.26 12.19 12.57 
nding 9.22 8.79 10.99 
hus- 5.78 5.90 5.24 
w the 5.27 4.90 6.81 
(1), 3.55 2.14 9.42 
2.03 1.76 6 3.14 
ssible LI 0.50 3.66 
ne of 1.01 0.50 3.14 
0.81 0.50 2.09 
III 0.63 3.14 
0.30 0.13 1.05 


0.13 





987 100, 706 100. 100. 





26.969-+0.123* 26.198+0.120 30.181+0.349 





Standard 


Desition 5.7220.087 5.032+0.085 7.13220.246 





Diff. 


Signifi 
ee PE.difi) 








*P.E. used throughout this paper. 
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AGE AT TIME OF MARRIAGE 


The mean age at marriage for all males included is 26.979 years. 
The males of the fertile group have a marriage age mean of 26.198, 
while the childless males averaged 30.181 years at marriage. 

The mean age at marriage for all females is 24.987, while that of 
the fertile group is 23.573 years as against 28.128 for the childless 


group. 
The couples showed a difference in age at time of marriage ranging 
from 0 to 25 years with a mean of 3.602 years for all couples and 


TABLE 2 


Female Age at Time of Marriage 





ALL COUPLES COUPLES WITH CHILDREN CHILDLESS COUPLES 
FREQUENCY %OFN FREQUENCY %OFN FREQUENCY %OFN 








10 1.01 10 1.26 
65 6.59 65 8.17 
126 12.77 119 14.95 
194 19.66 170 21.36 
178 18.03 15! 18.97 
137 13.88 105 13.19 
93 9.42 76 9.55 
56 5-67 39 4.90 
52 5.27 33 4-15 
30 3.04 II 1.38 
24 2.43 9 1.13 
17 1.72 7 0.88 
5 0.51 I 0.13 





987 100. 706 100. IQ! 





24.987 0.105 23.5730.103 28.128-0.260 





Standard 


8900. 3020. 3120. 
Deviation Spoons 4.020.073 §.312+0.183 





Diff. 
Signifi ’ 
eens PE (diff. 16.33 
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means of 3.502 and 3.861 years for the fertile and childless groups 
respectively. The Evans Memorial group, on the other hand, shows an 
age difference of 4.538 years. 

Pearson product-moment correlations were done for age of husband 
and wife at time of marriage. The group which includes all couples 
gave an r of 0.704+0.011, but there is no significant difference 


TABLE 3 


Age Difference In Couples at Marriage 





AGE ALL COUPLES COUPLES WITH CHILDREN CHILDLESS COUPLES 
DIFFERENCE FREQUENCY %OFN FREQUENCY %OFN FREQUENCY %OFN 








30.29 30.78 
28.37 27.39 
20.36 21.36 
10.03 10.05 
4.96 5-15 
3.24 3.14 
1.01 0.50 
0.91 1.01 
0.41 0.38 
0.10 0.13 
0.20 0.13 
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0.10 





987 100. 796 100. 





3.602+0.071 3.5020.075 3.861 +0. 186 





Standard 


.2860.0 +0. ; ; 
Deviation 3 on 3-146£0.053 3.812+0.312 





Diff. 


Signi a... oe 
ieuiicnnse P.E.(diff.) 





Marr. Age 


. r = 0.704+0.011 r = 0.639+0.014 r = 0.693+0.026 
Correlation 








424 HUMAN BIOLOGY 


between the value for the fertile group (0.639+0.014) and that of the 
childless group (0.693+0.026). The data from which these figures 
are taken are given in tables 1, 2, and 3. 

Additional information was obtained from the Evans Memorial 
and the data of Pomerat were recalculated to secure comparable figures. 


TABLE 4 


Age at Time of Marriage—Evans Memorial Data 





MALES FEMALES 
FREQUENCY % OF N FREQUENCY %o OF N 








0.04 
5.66 
10.38 
25-47 
20.75 
15.09 
12.26 
3-77 
1.89 
0.94 
1.89 
0.04 





106 100. 





27.6320.278 23.7830.258 





Standard 


rai 4.2480.197 3.98420.175 
eviation 





Diff. * 


“"PE(diff.) 474 age 





*Compared to “Couples with Children” of this study. 
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TABLE 6 TABLE 7 TABLE 8 








MALE AGE MEAN BIRTHS FEMALE AGE MEAN BIRTHS AGE DIFF. MEAN BIRTHS 
AT MARRIAGE PER COUPLE AT MARRIAGE PER COUPLE AT MARRIAGE PER COUPLE 








° 


2.421 
2.422 
2.273 
2.271 
2.563 
2.928 
2.741 
2.512 
2.179 
2.429 
2.125 
1.625 
0.667 


2.000* 15 5.250 
3-333 16 3.833 
3.364 17 4.167 
2.593 18 3.415 
3.048 3.209 
2.714 3.026 
2.315 2.683 
2.639 2.921 
3.151 2.656 
2.728 2.607 
2.697 2.056 
2.145 2.136 
2.156 2.674 
2.217 1.960 1,000 

1.887 2.167 2.800 

2.303 1.308 2.250 

1.692 1.800 4.500* 
2.346 1.000* 
1.303 7.000* 
0.867 0.000* 
1.500 1.000* 
1.667 0.000* 
1.000 
1.000 
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1.200 
0.600 
1.333 
0.500* 
0.000* 
1.000* 
0.000* 


*Includes less than three cases each. 
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AN BIRTHS Number of Births per Couple for Each Year of Marriage Duration 





MARRIAGE 








CON ANA &S bw 


99 
90 
78 
54 
64 
54 
52 
42 
28 
37 
27 


— 
oo 





First 
5 years 





Second 
5 years 358 





Third 
5 years 13.87 





First 
10 years 1.076 86.13 





Total 
I5 years 1.249 100.0 1163 
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TABLE 10 


Duration of Marriage before First Child 




















»,\ Number 
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Mean = 2.0642+0.050 
Standard Deviation — 2.082+0.035 


(One case in which the wife was over 40 at time of marriage is not 
included). The mean age of males at time of marriage for this group 


is 27.632 and that of the females is 23.783 years. The recalculated 
correlation value for age between husband and wife at marriage is 
0.419+0.054, and the mean duration of marriage is 5.726 years. See 
Table 4. 


RECORD OF FERTILITY 


Table 5 gives a summary of the births which occurred in the 15 
years following the marriages of the 796 fertile couples. The mean 
number per family is 2.428 and this includes 2.3 per cent registered 
stillbirths. The ratio of males to females is 51:48. 

The pregnancy and birth rates were calculated according to the 
method described by Pearl (6). The entire group of women gave a rate 
of 1.4 pregnancies per 100 ovulations, while the exclusion of the child- 
less wives brought the rate to 1.8 per ovulation which is considerably 
below the rate of 5.8 given by Pearl (7) for women not using contra- 
ceptives.* 


*The women in this series had an average exposure to pregnancy of 4.40 
years, while those in this study have an average of 13 years, approximately. 
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The birth rate for the entire group was 1.4 per 100 ovulations for 
all the women and 1.7 for the fertile group only. 

Tables 6, 7, and 8 give the mean number of births for each male 
age at marriage, female age at marriage, and age difference at marriage 
respectively. Table 9 gives the number of births per couple for each 
year of marriage duration, and Table 10 gives the duration of marriage 
for the birth of the first child. Standard deviations are not included 
because they were found too large with respect to the means. 


DISCUSSION 


There does not seem to be any significant difference between the 
male-female marriage age correlation of the fertile and childless couples 


= 1.83). 
PE(diff.) 

The reliability of the difference in mean age at marriage between 
the fertile and childless husbands, however, is very high (10.79), while 
that between the wives of the same two groups is even higher (16.33). 

The frequencies of age distribution shown in Tables 1 and 2 were 
reduced to per cents and plotted in Figures 1 and 2. It will be seen 
that the graphs of the male and female marriage ages of the childless 
couples tend to fall on the right of the fertile group and that in the 
higher age groups the childless partners predominate. 

Chi-square tests were done on the fertile and childless age dis- 
tributions for both males and females and gave x’ values of 99.644 
and 148.539, respectively, so that the chances of obtaining these distri- 
butions by random selection are less than 1 in 1,000,000 for either case. 

These findings would tend to corrborate the conclusions of Miiller 
(4) who stated in 1931 that “Human fertility undoubtedly varies with 
age of the husband as well as with age of the wife at marriage and with 
duration of marriage”. 

The age of marriage distribution for Evans Memorial data is also 
plotted on these graphs for comparision. The female distribution seems 
to follow that of the fertile women of this series, but the male distri- 
bution definitely resembles that of the childless males. This dissimi- 
larity in distribution between the males and females of the Evans Me- 
morial data is to be expected in view of the low marriage age correlation. 
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No attempt is made to explain the low fertility among the couples 
having children during the fifteen year period included in this study. 


It is interesting that Willoughby (12), studying the size of families of 
professors in a small college located in this same city, found the mean number of 
children to be 1.40 and that Spengler (11), working with data from Providence, 
Rhode Island, found that the average number of children born per mother bearing 
children in that city was 2.97 in 1929. 


SUMMARY AND CONCLUSIONS 


1. In order to determine the influence of age on fertility, the birth 
records of 987 couples were studied for a period of 15 years. 

2. 19.35 per cent of the couples in this series were infertile, which 
is considerably higher than is reported. 

3. The mean age at time of marriage for males and females was 
decidedly higher in the infertile group. 

4. No significant difference was found in age difference nor in age 
homogamy at time of marriage between the fertile and infertile groups. 

5. The mean number of children per fertile family is 2.428 for the 
15 year period. 

6. Infertile husbands and wives have a characteristically higher 
mean age at marriage than the fertile couples, and the per cent in the 
higher age group is higher. 

7. Material from another infertile group (Evans Memorial), when 
compared with these results, shows a similar high mean age and distri- 
bution for the males but not for the females. 

8. Homogamy on the basis of age does not seem to be related to 
infertility, while age, particularly of the male, seems to be a definite 
factor in infertility. 
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THE TWELVE-DAY OLD BABY* 


BY H. A. CATES anp J. C. GOODWIN 
Department of Anatomy, University of Toronto, Toronto, Canada 


= OR the past three years we have been engaged in an an- 
=) thropometric study of the newborn infant and its parents. 

i The object in mind in this work has largely been an en- 
| =| quiry into the question why the processes of labor in some 
cases are relatively easy and uncomplicated whereas in others—with- 
out any apparent cause—they are full of dangers and difficulties. We 
therefore have kept accurate records of both parents as well as of the 
infant and have made an attempt to classify them racially. 

The following preliminary report, however, deals only with the in- 
vestigation of the physical proportions of the infant. It consists of a 
series of 700 infants born in the Obstetrical Department of the Toronto 
General Hospital and measured on the twelfth day, and it was thought 
in itself to present sufficient interest, particularly as some important 
information is to be gathered on the question as to what constitutes 
a full-term baby and wherein it differs, if at all, from the foetus. We 
therefore set out to determine what the relations of the various seg- 
ments of the body of the infant were to one another and to the total 
length, and to see if these relations were exactly comparable to those 
established by other workers for the later foetal period, and especially 
to those recorded by Scammon and Calkins (1). It should be remem- 
bered that whilst we were dealing with infants all of the same chrono- 
logical age, nevertheless they varied in total length from 46 to 58 centi- 
meters and it is within the limits of this relatively small range that 
all our new-born infants fall, so that the behavior of the various parts 
of the body within this small range is of considerable importance and 
worthy of an intensive study. The records were made by Dr. J. C. 
Goodwin, assisted by Drs. D. Irwin and D. Borsook, all of whom worked 
to an established technique, and the last of whom is responsible for the 


*This work has been made possible by a subvention from the Banting Re- 
search Foundation. 
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taking of the greatest number of measurements. Dr. Cates, alone, is 
responsible for the statistical treatment of the material. 

An enquiry into the question of how far the results are affected by 
the fact that three workers were engaged in collecting the raw data 
showed that there was no appreciable difference in the precision with 
which each dimension was taken by each of the three observers, and 
in consequence an analysis of the precision of one worker only (D. 
Borsook) is presented. 


METHOD 


A special measuring board was devised and has been in constant 
use for over three years. It has given quite satisfactory results and a 
cut shown in Figure 1 is almost self-explanatory. It was found par- 
ticularly valuable for midline measurements, and it consists essentially 
of a head piece, a sliding foot piece,—to measure total body length and 
crown-rump length,—and a sliding middle piece holding a moveable 
arm in the middle of its arch to measure the various midline distances 
from the crown, viz:— crown-sternal, crown-xiphisternal and crown- 
pubic. By using the small metal arm at the sides of the arch rather than 
as shown in the midline, crown-cristal, trochanteric height and knee 
height could readily be measured. The instrument is calibrated on 
both sides as a check. A cross calibrated piece provides for span. 
For the rest of the body measurements a sliding caliper was used for 
bi-deltoid, bi-trochanteric and foot length, and a spreading caliper for 
intercristal, interspinous and external conjugate. The upper limb was 
measured by tape from the tip of the middle finger to the styloid pro- 
cess of the radius for hand length, thence to the lateral epicondyle of 
the humerus for forearm length, and thence to the tip of the acromion 
for arm length. It was perhaps unfortunate that as a result of this 
method a summation of errors occurs in forearm and arm lengths which 
will, however, be further noted in considering these measurements. 
For the head a linen tape was used for circumferential measurements 
and the incisura anterior of each ear was used for measuring the auri- 
culo-vertex arc. The spreading caliper was again used for the various 
head and face dimensions, and Todd’s head spanner for determining 
head height. Weights were taken on a standard baby scale in pounds. 

In order to determine the precision with which each dimension 
was measured the following procedure was adopted:— Each inves- 
tigator recorded 30 measurements of a single dimension under con- 
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Fic. 1. ANTHROPOMETRIC MEASURING Boarp For INFANTS 


sideration on one subject. This was done at one sitting and an inde- 
pendent observer read the instrument and noted the result each time. 
The process was repeated for each dimension, using a new subject each 
time, so that in all 31 subjects were used. In this way it was possible 
to determine how precisely the work was being done. Table 1 shows 
these records as made by D. Borsook. As the other two workers 
showed at most no greater variability it was not thought neces- 
sary to include their results. In the table are shown maximum 
and minimum measurements for each dimension and the mean of 
the 30 measurements, as well as the probable error of the mean, 
standard deviation and its error. If it is borne in mind that 
after all the standard deviation is itself a measure of variability, 
or the precision with which each dimension is measured, then a 
consideration of this standard deviation in relation to the mean 
will allow us to compare the precisions obtained in measuring each 


dimension. This has been done by use of the formula i com- 


monly referred to as the coefficient of variability, and the last column 
reveals that total body length was measured most precisely. It is there- 
fore a good dimension to use, against which to plot other dimensions. 
There are of course other obvious advantages in using total body 
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Record of Precision Obtained in Measuring Each Dimension 











Subocce :-Bregmatic Diam: .... 





MIN. MAX. MEAN =©M 1009 

DIMENSION a: a. a on o Eg 

Total Body Length ........... 53-3 54.0 53.7 033 .221 023 0.41 
Crown-Sternal ...........e00. 12.4 13.0 12.65 .024 .160 O17. 1.27 
Crown-Xiphisternal .......... 1%8 105 19.2 .030 .206 O21 1.07 
EE rr wt @23 277 046 .306 .033 1.10 
EE ic cicocincceseeaen 31.7 326 322 033 .220 .023 0.68 
CUD. oc acccaceseccace 35.2 35.9 35.6 028 .188 .020 0.53 
saaithd iia oinatiaie: kink Gace wietaneien 478 40.4 48.7 076 .510 .054 ~~ 1.05 
Bi-Deltoid Width ............. 138 14.4 I41 027 .185 O19 1.31 
Bi-Trochanteric Width ....... 87 90 885 .om5 .101 OIF 1.15 
External Conjugate .......... 6.1 6.7 6.3 023 .158 .016 2.51 
nN ER re ee 7.6 7.9 7.7 OIr .073 .008 0.95 
ee 7.3 7.6 7.4 016 .1090 OI 1.47 
BO er a ee 8.0 8&8 8.3 031 .204 .022 2.46 
Forearm Length ............. 6.2 7.0 6.6 034 .2290 .024 _ 3.47 
pS EE OPO Te Tee 6.7 7.2 7.0 O21 .141 .OIS 2.01 
Trochanteric Height ......... 20.5 21.2 208 .028 .190 .020 0.91 
ree ee 9.1 9.7 9.4 ae. 368 ws ww 
ee 82 88 8&5 026 .172 018 2.02 
Nasion-Menton ...........++: 48 5.3 5.1 O07. 31% 282 22D 
Bi-Malar Width ............. 7.7 8.0 78 12 .080 .008_ 1.03 
Bi-Gonial Width ............. 5.0 5.6 5.5 O19 .124 O13. 2.25 
Head Length Max: .......... 128 13.0 129 009 §6=«.062.-—s—‘«w006-—'ti—‘=é‘i“tiéwHB 
Head Width Max: ........... 9.9 10.0 10.0 007 .050 .005 0.50 
Head Width Min: ........... 7.5 78 7.7 010 .070 .007. 0.9! 
py eee IJ 8.0 7.8 020 .136 O14 1.74 
Suboce :-Vertex-Nasion Arc .. 22.1 225 223 017. .II2 O12 0.50 
Auriculo-Vertex Arc ......... 21.9 22.7 22.3 033 .222 .023. 1.00 
Subocc :-Frontal Circ: ........ 33.0 33.6 33.4 026 .17t 018 0.51 
Subocc :-Frontal Diam: ....... 1.8 12.2 11.9 020 .132 O14 LJ! 
Suboce :-Bregmatic Circ: ..... 318 326 322 .028 = .193 0.60 
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length as a standard of comparison. Crown-rump length is also a di- 
mension which may be measured with considerable precision. In general 
dimensions involving bony points can be measured more precisely than 
those in which soft parts are involved, though there are some exceptions 
(external conjugate and nasion-menton) but these exceptions are as- 
sociated with bony parts whose exact position it is difficult to deter- 
mine with accuracy especially in a twelve-day old baby. We are sur- 
prised that the upper limb was not measured more precisely. Fore- 
arm length is our worst dimension and probably not as accurately 
measured as it should have been. Head dimensions on the whole were 
measured quite well though head height we feel is a little surprising 
but still we think quite reliable. Of the pelvic dimensions intercristal 
is the best. Table 2 lists the dimensions in the order of precision 
with which they were measured as revealed in the last column of table 1. 
We think the tables show that in all dimensions the precision ob- 
tained is such that there is no possibility of the differences in size of 


TABLE 2 


Dimensions in Order of Precision with which Measured 








ORDER DIMENSION ORDER DIMENSION 
1 Total Body Length 17 Crown-Cristal 
2 Head Length 18 Subocc.-Frontal Diam. 
3 Head Width Maximum 19 Bi-Trochanteric 
4 Subocc.-Vertex-Nasion-Arc 20 Crown-Sternal 
5 Subocc.-Frontal Circ. 21 Bi-Deltoid 
6 Crown Rump 22 Inter-spinous 
7 Subocc.-Bregmatic Circ. 23 Knee Height 
8 Subocc.-Bregmatic Diam. 24 Head Height 
9 Crown-Pubic 25 Hand Length 
10 Head Width Min. 26 Foot Length 
11 Trochanteric Height 27. Nasion-Menton 
12 Intercristal 28 Bi-Gonial 
13. Auriculo-Vertex Arc 29 Arm Length 
14 Bi-Malar 30 External Conjugate 
15 Span 31 Forearm Length 
16 Crown-Xiphisternal 
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the babies observed in our series being at all accounted for by vari- 
ability in the precision with which the dimensions were measured. 


RESULTS 


Before considering the results of this series it is to be noted that 
these infants were measured in a great majority of cases on the twelfth 
day—never earlier than the eleventh and never later than the four- 
teenth. They were all “normal” infants and they were all recorded 
by the obstetrician as “full-term”. Any noted as “premature” or “over- 
term” were excluded. It is important to note these facts since the 
question what is a good criterion of maturity will arise in the discus- 
sion. The two sexes were considered independently so that sex dif- 
ferences might be noted but the influence of parity, if any, and pre- 
sentation are not here taken into account. 

In table 3 are given the results for this series. They include 
for each dimension the number of babies measured, sex, mean, 
probable error of the mean, standard deviation and coefficients of 
variability. Formulae derived from a consideration of the regres- 
sion lines were then worked out. These regression lines were obtained 
in the following manner :— Scatter graphs were constructed for each 
dimension plotted against total body length. The mean for each centi- 
meter class interval of total body length was then found and these 
means in turn were plotted against total body length. By inspection 
a curve of best fit was drawn. This was always a straight line and 
therefore its formula was of the general type Y = aX + Dd. 

Table 4 shows these formulae for the various dimensions for each 
sex and compares our formulae with those of Scammon and Calkins 
for the foetal period. 

The graphs themselves are shown in Figures 2 and 3. These graphs 
show the results in the case of the boys only. The results for the girls, 
as shown in the tables, did not differ in any marked degree from them 
and are therefore not shown graphically. 

The two sets of formulae are perhaps not strictly comparable since 
in our series the sexes have been treated separately. Where Scammon 
and Calkins give two formulae for a dimension that for the later 
foetal period is compared with ours, and it is usually in those dimen- 
sions where these authors have found it necessary to use two formulae 
that important differences from our results are observed. 
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TABLE 3 


Results for Series of 692 12-Day Old Babies 
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TABLE 3 (Continued) 


Results for Series of 692 12-Day Old Babies 





DIMENSION = EM 





Head Width Max. ............ 
Head Width Min. ............. 
Head Height 
Suboccip-Vertex-Nasion Arc ... 
Auriculo-Vertex Arc 
Suboccip-Frontal Circ. ......... 
Suboccip-Frontal Diam. ........ 
Suboccip-Bregmatic Circ. ...... 
Suboccip-Bregmatic Diam. ..... 
Weight at Birth (Ibs) 

Weight at 12 days (Ibs) 

Height Sitting-Height Index ... 
Face Index 

Head Length-Width Index .... 


Head Length- Height Index ... 
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TABLE 4 


Comparison of Formulae 








CH 





18 + 3.62 
18 + 3.52 
10 + 1.725 
Ir + 0.84 
30 — 4.0 
285 — 3.11 
23 — 5.08 
177 — 2.00 
4 —24 
375 — 1.25 


Crown-Sternal 
Sternal-Xiphisternal 
Xiphisternal-Pubic 
Pelvic Height 
Sternal-Pubic 
Crown-Rump 


Bi-Deltoid 


External Conjugate 


Inter-Cristal 
112 + 2.15 
112 + 2.0 
10 + 25 
46 — 86 

+ 3.38 


Trochanteric Height 
(lower limb length) 
Knee Height 


M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
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TABLE 4 (Continued) 


Comparison of Formulae 





FORMULAE ScAMsieee- 
MEASUREMENT CALKINS 


CH + cm. 








125 + 2.00 
-120 + 2.13 
072 + 1.04 
.076 + .844 
10 + 2.3 

10 + 23 

158 + 4.23 
115 + 6.31 

10 + 43 

10 + 42 

.255 +10.77 
23 +11.82 
205 +12.07 
19 +12.66 
41 +12.175 
3635+ 14.25 
075 + 4.35 


Subocc-Vertex-Nasion Arc ... 
Auriculo-Vertex Arc 
Subocc-Frontal Circum. ...... 


Head Height 


NENEME ME DE Ne ae ye ye 





It may be permissible to point out some of the salient features to 
be noted by an examination of the results of this series as revealed 
in table 3 and the graphs. 

The weight of the male child at birth exceeds that of the female 
by 4 per cent. In neither sex has the baby at 12 days quite regained 
its birth weight. Both sexes lose weight and regain it at apparently 
the same rate. 

In total body length the male child at 12 days exceeds the female 
by approximately 2 per cent. Since this is a linear record it would ap- 
pear to be strictly comparable to the weight difference. 

In all dimensions the male baby’s measurements are in excess of 
those of the female; the dimensions in which the female most nearly 
approximates the male are the pelvic ones. In one case the means are 
the same. It is not, however, a very striking feature. 
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As a rule the male infant shows somewhat greater variability in its 
dimensions than the female. This variability is greater in the male 
in 23 dimensions; equal to the female in 3, and less than the female in 
5 dimensions. The female seems to be more variable only in the pelvic 
and upper limb dimensions. If the differences noted between these 
and the other female dimensions are true ones then they seem to mani- 
fest themselves very early in life. 

Again if the formulae of the regression lines are an indication of 
growth rate—a statement we shall discuss later—then the male baby 
is on the whole growing slightly faster than the female. This is true 
for most dimensions though generally in those in which the female 
shows greater variability the increment rate seems also to be faster 
than or at least as fast as, that of the male. Whether this increased 
increment rate of the male has held throughout the foetal period or 
not is not known, but it is seen during this small period under obser- 
vation (from 46 to 58 cms. of total body length). It is obvious that 
these rates alter during post-natal development; at times the female 
rate exceeds the male. Further investigation is required to determine 
when and how these alterations occur. 

An examination of how the various major body segments contri- 
bute towards the total body length gives the results shown in table 5. 


TABLE 5 


Percentage of Total Length of Major Segments and Increment Rates 





i % FOR I CM. INCREMENT 
DIMENSION C. H. LENGTH RATE 


F M F M F 





AND CALKINS 





Crown-Sternal . . 245 245 
(head & neck) 

Sternal-Xiphisternal , q 13 
(thorax) 

Xiphisternal-Pubic 
(abdomen) 

Trochanter Height 
(lower limb) 


k 


. 
_ 
-_ 
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These are given in percentage for I cm. of total body length and are 
derived from the means of the series. They are compared with our 
baby formulae on the one hand and the foetal formulae of Scammon 
and Calkins on the other, for each centimeter of body length. Con- 
stants are not included. 

It will be seen that whilst the body proportions of the average 12 
day baby (both male and female) are comparable to the proportions 
of an average infant, derived by projecting the foetal formulae into 
our period—cf. columns A and C—yet an inspection of the baby form- 
ulae shows that rate of increment has decreased somewhat in the head 
and neck, and lower limbs—cf. columns A and B. It has remained 
stationary in the thorax but has noticeably increased in the abdomen. 
This would seem to be of some significance and the query arises, when 
does the increment rate increase in the abdomen? When does it slow 
up in the head? From the fact that it was apparently necessary in the 
foetal period to use two formulae to represent abdomen increase, it 
seems that an increase in increment rate in this segment occurs in the 
foetal period at about 25 cms. of total body length, and we find a 
further increase has taken place by the time the limit of our series 
is reached. The formulae for foetal rate given by Scammon and 
Calkins are :— 


5 to 25 cmso. of CH length... .19 CH (mm) plus 1.5 mm. 
Pe eer Ter ey .26 CH (mm) minus 16.0 mm. 


and ours are :— 
46 to 57 cms. of CH length... .30 CH (mm) minus 40.0 mm. 


This indicates a progressive increase in abdomen increment rate. 

A similar state of affairs occurs in the head except that the phenom- 
enon is reversed. It is one of slowing up. If our formulae are again 
compared with those for the foetal period it will be seen that there 
has been a very great slowing up of the rate of head increment. This 
is often almost 50 per cent (see table 4). One feels that the formulae 
for the head in the late foetal period are too high. They obviously do 
not fit the raw data nearly so well as they did in the early period and 
it seems to be for this reason that two formulae again are given for 
crown to sternal notch dimension (in which the head is largely in- 
volved). The second formula exhibits this slowing up phenomenon 
though even this formula seems too high. We feel that head incre- 
ment rate slows up quite remarkably in the late foetal period. Where 
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dimensions are concerned with both head and trunk involved (eg. 
crown-rump), the decrease in head increment rate is in part balanced 
by increase in abdomen increment rate and one straight line relation- 
ship for the whole dimension fits the raw data quite well in conse- 
quence. But it does not tell the whole story. 

Comparisons with the formulae for the foetal period suggest little 
difference in the rate of increment of the upper limb. The foetal 
formulae and ours are quite comparable. The lower limb also seems 
to be increasing in length slightly less rapidly than during the foetal 
period. The same is true of the transverse body dimensions and the 
face. It is then only in the abdomen that we find an actual increase 
in increment rate over the foetal period, and it is the head alone that 
exhibits in any marked degree a decrease in rate. 

An investigation of 754 adult females gives the measurements for 
the major body segments shown in table 6. 


TABLE 6 


Comparison of 754 Adults (F) and 327 Infants (F) 





%o % 


ADULTS INFANTS 


DIMENSION FOR I CM. FOR I CM. FORMULA 


MEAN CM. MEAN CM. 
TOTAL HT. C. H. LENGTH 


ADULT INFANT 





Total Body Length ... ‘ 50.9 
Crown-Sternal . 12.7 
17.8 
21.3 





These are taken from the means of the series and are computed in 
percentage for each cm. of total height, and then compared with the 
female infant series. This series incidentally consists of the mothers 
of our infants. 

The head and neck proportions are less than in the average 12 day 
baby (cf. .19 adult with .245 infant) ; the latter, however, has already 
established, it would seem, a new and slower increment rate, which, 
if continued to the adult period would practically give the proportions 
seen (cf. .19 adult with .18 infant). The trunk proportions are also 
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less (cf. .305 adult with .345 infant), and the increment rate still has 
to fall (cf. .305 adult with .395 infant), although it is maintaining 
well its foetal rate in our series. It even slightly exceeds it, due it would 
seem to increased increment rate in the abdomen. The lower limb, 
however, is greatly in excess in the adult (cf. .505 adult with .41 in- 
fant) and the infant increment rate must again greatly increase (cf. 
.505 adult with .35 infant), although it seems temporarily in our period 
to have fallen off somewhat. 

By the twelfth day the female height-sitting height index is already 
slightly greater than the male, (or the female trunk is relatively longer) 
which of course is the adult condition. A study of 30 children showed 
that this index, which is 66.4 at 12 days, at 4 years has become 57.5, 
approaching rapidly the adult index 52.3. In early years therefore 
the lower limb grows rapidly. 

In conformity with increase in increment rate in the abdomen it 
will be seen that pelvic increment rate (pelvic height) shows a notice- 
able increase and an examination of crown-rump shows the abdomen 
increase about making up for the decrease in the two segments above it. 

The female head is slightly more brachycephalic and slightly more 
hypsicephalic than the male. This brachycephalism of the female agrees 


with Kugler’s results (2) although our indices are somewhat lower in 
both sexes, due probably to the difference in racial types of the two 
series. It is interesting to observe that in the infant the head length 


TABLE 7 


Comparison of Head and Face Dimensions of Adult, 
Child of 4 Years and Infant 





754 30 327 Yo INCREASE 
DIMENSION FEMALE CHILDREN FEMALE TO REACH ADULT 
ADULTS OF 4 YRS. INFANTS 30,4yrs. 327 infants 





Head Length Max... 18.1 17.8 LZ 50.0 
Head Width Max. ... 14.2 13.7 ’ 3.6 52.7 
Head Height 12.4 a §2.5 
Nasion-Menton ’ 8.4 . 26.2 125.5 

10.9 J 7.3 58.0 
Bi-Gonial , 8.2 : 18.3 64.4 








ll has 
Lining 
would 
limb, 
{I in- 
> (cf. 
eriod 


ready 
nger ) 
10wed 

57-5, 
refore 


nen it 
1otice- 
lomen 
ove it. 
more 
agrees 
ver in 
e two 
length 


THE TWELVE-DAY OLD BABY 449 


and height bear the same relationship to one another as the total body 
length and crown-rump. 

A study was made of the head proportions of the same 754 adult 

females. These are shown in table 7 with the infant series and the 
percentage increase required to bring baby head measurements to the 
adult dimensions. 
In this table are also shown the average head dimensions for 30 child- 
ren aged 4 years. These latter dimensions closely approximate the 
adult dimensions. The rate of increment in the very early years there- 
fore is very great (although as pointed out much slower than the foetal 
rate). Further it may be remarked that the percentage increase re- 
quired to bring the infant head up to adult proportions is practically 
the same (50 per cent) for each of the three major dimensions. 

Reference to the same table reveals that the face shows a great in- 
crement in the first four years but still falls short of adult proportions. 
Again the bi-malar width—which is more intimately associated with 
the head than with the face—more nearly approximates adult measure- 
ments at four years than do the essential face dimensions. The face 
of the infant again however is not showing as great a rate of incre- 
ment as it did in the foetal period. 

Throughout this series we have been dealing with babies all of the 
same chronological age, and yet when each dimension in the series is 
plotted in turn against total body length the results give regression 
lines entirely comparable to the phenomena exhibited by a series of 
different age foetuses. They show, in other words, the same pattern of 
increment as is manifested by one infant growing in total body length 
from 46 to 58 cms. The phenomena therefore would appear to be 
not those of variability in dimensions of a series of infants of the same 
maturity but true growth phenomena. And yet they are all 12 day 
old babies. Obviously chronological age is not any particular criter- 
ion of maturity in the very young. Birth occurs independently of 
maturity, and it would seem from our results as if total body length 
is a much better criterion of maturity, just as truly in the small range 
(46-58 cms) that represents the period of birth, as it is in the foetal 
period. The varying stages of maturity at which birth occurs must be 
take into account in evaluating the various phenomena of develop- 
ment, both physical and mental, which we are accustomed to relate 
almost entirely to chronological age. We suggest therefore that total 
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body length, at least in the very early period of post-natal life, is a 
more reliable measure of maturity than age from birth. 


SUMMARY 


1. The average measurements for over 30 dimensions are given 
for a series of 700 twelve-day old babies. 

2. Formulae of increment rates for each dimension are worked 
out and compared with those for the foetal period. 

3. The sexes are compared. Males are more variable and on the 
whole exhibit a slightly greater increment rate. 

4. Increment rates in the various segments of the body alter from 
time to time. Abdomen rate in this period is increasing. Head rate 
is slowing up markedly, and there is in general a slowing up. 

5. Chronological age is not the best criterion of maturity in the 
young infant. It is less reliable than total body length. 
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FURTHER OBSERVATIONS ON COLOR BLIND- 
NESS AMONG NEGROES WITH GENEAL- 
OGIC AND GEOGRAPHIC NOTES* 

BY KENNETH B. M. CROOKS 
Hampton Institute, Virginia 





AROBABLY the earliest recorded case of color blindness 
| is that described to Priestley (1733-1804), by a Mr. Hud- 
dart in 1777, (Carter, ’90). This was apparently con- 
| =| genital, for the subject had a color blind brother. The 
description of red-green blindness in the celebrated chemist Dalton 
(1766-1844) soon gave to the defect the temporary name “daltonism,” 
and served to focus attention upon it. 


A large number of studies, summarized by Clements ('30), indicate that there 
are racial differences in the incidence of color blindness. More recent reports by 
Garth (’33) on American Indians, Whites, Negroes and Jews, by Kilborn and 
Beh (’34) on Chinese and by the writer on American Negroes (’34) also support 
this view. 

We have thus far given the Ishihara test for color blindness to 
2,741 American Negroes, 2,019 males and 722 females. The subjects 
ranged in age from 7 to 70, and were tested individually, one eye at a 
time, then both eyes together. Most were tested with the Ishihara plates 
fastened at eye level at distances of from two to five feet in evenly 
diffused daylight. A large number of the later subjects have been tested 
also with the plates used as a book, placed on a table, at which the 
subject sat, the eye-to-book distance being always less than 18 inches. 
A slight difference in results obtained from these two methods is 
discussed below. 

In our earlier report on 1,628 men, 61 or 3.75 per cent were color 
blind. We have since observed 391 new subjects, among whom were 
18 cases of color blindness. Of the entire group of 2,019 men, there- 


*Presented in condensed form before the Virginia Academy of Science, Rich- 
mond, Virginia, May 3, 1935. 
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fore, 79 or 3.91 per cent are color blind. The incidence of green 
blindness, 2.87 per cent, and that of red blindness, 1.04 per cent, are 
in the ratio of almost 3:1, as was found by von Planta (’28), Miles 
(’29), and Clements (’30) in other racial groups. On subsequent 
days we tested the 18 men, color blind to the plates at table level, with 
the plates at eye level more than 60 inches away, and found 4 not color 
blind. 

Miles (’29) also noted that a few of his color blind cases showed better ability 
to read the test numbers at ten feet than at four, “thus indicating greatly restricted 
color fields, which are practically confined to the fovea,” since the image of the 
test number occupies a smaller area on the retina the further the observer stands 
from the plates. 

When our figures are combined with those of other reports, we 
find a total of 119 color blind males in 3,134 American Negroes, or 
an average color blindness incidence (C. B. I.) of 3.75 per cent. 

In an earlier report we found no color blindness in 651 females. 
We have since tested 71 other women and found one incompletely 
color blind subject. Combined with other figures, this gives an average 
C. B. I. for American Negro females as 0.36 per cent. 

Some of the more recent* reports are shown in Table 1. 

[Tables of earlier results may be found in Clements’ paper (’30).] 


RACIAL MAKE-UP 


The term “American Negro” requires some qualification. 


“A foreigner might go over the literature of the Negro problem and come 
to believe that there are in the United States facing each other today, two ab- 
solutely unmixed groups of whites and blacks. Yet, nothing is further from the 
truth. The so-called American Negro is probably less than 25 per cent of pure 
African descent.” (DuBois, 1928.) Clements (’30) apparently realized this 
when he grouped his 323 Connecticut Negro subjects into 118 “obviously mixed” 
and 205 “probably full bloods.” 

As we collected our data for the determination of C. B. I., DuBois’ 
statement and Clements’ hint became so significant that we have at- 
tempted to study the racial mixture of our subjects. 

We made family trees and noted the locality in which each 
subject lived, hoping also to determine whether or not geographic 
situation was of any significance, for we noted that our figures for 
Negroes mainly from the South (3.75 per cent) agreed closely with 


*Since this paper went to press, Garth has reported a C. B. I. of 5.3 per cent 
for male Turks (24 in 473) and 0.0 per cent for 217 females (Science 84:85). 
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TABLE 2 


Racial Make-up of 1638 “American Negroes” 





HERS KO- 


MEN WOMEN : 
VITS’ N.Y.C.- 


(not (Not 
GROUP NAME COLORBLIND ) COLORBLIND) W.VA-HOW ARD 
GROUP 





No. Percent No. Percent 
Percent 





Unmixed Negro* . 22.0 
Negro plus Indian 6.3 
More Negro than White.. 333 , 28.6 24.8 


More Negro than White 
plus Indian 234 25.0 


About same Negro and 
White ; 13.9 


About same Negro and 
White plus Indian .... 2.4 78 8.5 


More White than Negro 4.2 78 9.3 


More White than Negro 
plus Indian 3.0 2.4 5.5 


99.9% 100.1% 100.0% 





*It might be of interest to note that, according to their own statements, 
there are among our subjects, third and fourth generation offspring (and later) 
of a famous frontiersman, a well-known printer-scientist, a U. S. President, and 
of persons related to the so-called “royal family of the United States.” We follow 
Herskovits by considering as unmixed, those subjects who knew three grand- 
parents to be full blooded even if they knew nothing about the racial make-up of 
the fourth grandparent. 

**It will be observed that the percentage of our subjects with Indian 
admixture is larger than that in Herskovits’ Harlem-Howard group. This 
is probably due to the fact that 42.17 per cent of our Negroes are from Virginia 
(26.27 per cent) and North Carolina (15.9 per cent), in which localities Indians 
and Negroes are well known to have intermarried freely. 
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those for Connecticut Negroes (Clements: 3.7 per cent) and those 
for other Southern Negroes (Garth: 3.9 per cent) but differed from 
the frequency for the Colorado Negroes of the latter investigator 
(2.8 per cent). 

Of the total of 2,019 male American Negroes tested for color blind- 
ness, 1,166 or 57.7 per cent were able to give some information about 
their parents and grandparents at least. From genealogical diagrams, 
we estimated the amount of race mixture in each and grouped them, 
according to Herskovits’ (’28), into eight classes. Of the 722 women, 
472 or 65.37 per cent supplied information for family trees. These 
were also grouped into Herskovits’ eight classes. The results are 
summarized in Table 2, and compared with Herskovits’ findings on 
his sample from Harlem, West Virginia and Howard University. 

The color blind men were also grouped, somewhat less accurately, ac- 
cording to Herskovits’ eight classes as follows: 


TABLE 3 


Racial Make-up of 79 Color Blind Men 





GROUP NAME 





Unmixed Negro 

Negro plus Indian 

More Negro than White 

More Negro than White plus Indian. 
About same Negro and White 

About same Negro and White plus 


More White than Negro 
More White than Negro plus Indian. . ts) 





79 100.1% 





The only color blind woman found falls in the category “More White 
than Negro.” 
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GEOGRAPHIC DISTRIBUTION 


When the normal group and the color blind were studied for 
geographic distribution we found the following: 






TABLE 4 






Geographic Distribution (Men) 











NORMAL COLOR BLIND 
GROUP 


GEOGRAPHIC AREA 













New England and New York.......... ’ 2.5% 









Middle Atlantic States ............... 58.0 % 51 64.6% 
Southern States (including Texas) .... 28.89% 18 22.7% 
I TE i. cin cccddiacesesaee 7.25% 8 10.1% 

99.66% 79 99.9% 





It will be seen that the color blind subjects are distributed among 
these arbitrary geographical divisions in somewhat the same ratios 
in which the members of the normal group are distributed. When this 
result is compared with the fact that von Planta’s report for European 
Whites agrees closely with those of Clements’ and the others (see 
Table 1) for American Whites, and with the similarity of findings of 
Garth and of Clements for Indians in different parts of the country, 
it seems that locality has no influence on the incidence of color blindness. 

When we note, however, that in spite of a complex genetic make- 
up, the American Negro as a group presents a C. B. I. that is distinct, 
but is yet uniform in the localities investigated, we feel with Herskovits’ 
(’28) that though 


“the American Negro resembles all his ancestral types, yet he is none of them. 
He is distinctive among human beings. There are in his ancestry all of the prin- 
cipal racial elements of which humanity is composed, White, Negro and Mongoloid. 
But from this mixture there is being welded, and is already discernible, a definite 
physical (and physiologic) type, which may (truly) be called the American Negro. 
(He)...is not like any type from which (he) has come. (He) is not White. 
(He) is not Negro; (he) is not Mongoloid. (He) is all of them and none of 
them.” 
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The American Negro is a new type, an “amalgam” but a constant, 

uniform biologic entity. 
| for Only a few of the color blind cases were aware of their defects. 
Many still do not believe that they are color blind, and no wonder, 
for though designated defective by the Ishihara charts, they can 
identify various colors. Yet Kepner (’05) found that certain primitive 
peoples of the Philippines have no native names for colors other than 
red and yellow, light and dark, black and white, the names for other 
colors, green for example, being of Spanish origin. We have found 
a well developed hue discrimination among our color blind cases. 
Different shades of green, red, blue and yellow are all identified with 
correct names in a large majority of the subjects questioned, whereas 














Yo a number of normals confuse the naming of blues and greens, reds and 
Jo yellows. : 
Jo These observations lead one to suppose that as the young child 
Jo learns colors and color names by observation and imitation, a natural 

defect in color vision may serve automatically to train into it care- 
1% fulness of observation and keenness in the selection of words, which 

may well “carry over” into other fields. The brilliance of Dalton, 
among perhaps the best known color blind subject, may be a case in point, 
ratios but the investigation of the correlation between intelligence and color 
2n this blindness is a job for the psychologists. 
ropean 
s (see SUMMARY 
ngs of 
yuntry, 1. Ishihara’s tests for color blindness have been administered to / 
idness. 2,741 American Negroes of both sexes, age 7 to 70. Two thousand 
make- and nineteen were males and 722 females. . 
istinct, 2. The color blindness incidence for our Negro males was 3.91 per 
skovits’ cent (79 cases); for our Negro females 0.14 per cent, (1 case). 


3. There are distinct and definite racial differences in the incidence 
of color blindness. 


ce mo 4. The American Negro is apparently a new racial entity with its 
ngoloid. own constant C. B. I. 
| definite 5. Geographic location apparently has no influence on the C. B. I. 
n Negro. of a racial group. | 
; bers 6. Green blindness was found to be three times as common as red 

non 


blindness, in men. 
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Ecxer, Frepertck H. Administration of the Life Insurance Trusteeship. New 
York (Metropolitan Life Insurance Co.), 1936. Pp. 15. 9 X 4 inches. 
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Vertébrés. Actualités Scientifiques et Industrielles, 303. Exposés de Biologie 
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10 X 6% inches. 12 francs (paper). [Bibliography of 2% pages.] 

Krarka, JosepoH, Jr. A Textbook of Histology. Baltimore (Williams and 
Wilkins Co.), 1936. Pp. vii + 246 + 1 plate. 9 xX 6 inches. $2.50. 
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graphic footnotes. ] 
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Kircumarr, Hernricu, and Hernricn Pott. Zur Charakteristik des Rassenunter- 
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Ta.sot, Fritz B., Epwin B. Witson,, and JANE Worcester. Standards of basal 
metabolism of girls (new data) and their use in clinical practice. Journal 
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